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INTRODUCTORY REMARKS
E x p l a n a t o r y  comments:
1 . 1  All  t h e  s p e c t r a l  d a t a  p r e s e n t e d  in  t h i s  d i s s e r t a t i o n  a r e  
r e p o r t e d  i n  t h e  manner  recommended in  P h y t o c h e m i s t r y ,  which 
i s  one o f  t h e  l e a d i n g  j o u r n a l s  i n  t h i s  f i e l d .
1 . 2  All  t h e  NMR s p e c t r a  were  200 MHz s p e c t r a  and t h o s e  o f
NMR were 5 0 .3 2  MHz s p e c t r a .  U n le s s  o t h e r w i s e  s t a t e d ,  a l l
t h e  s p e c t r a  were  t h o s e  o f  CDC13 s o l u t i o n s  a t  a m b ie n t  
t e m p e r a t u r e ;  TMS was t h e  i n t e r n a l  s t a n d a r d .
1 .3  In naming t h e  n a t u r a l  p r o d u c t s  i s o l a t e d  i n  t h e  c o u r s e  o f  
t h i s  s t u d y ,  e v e r y  e f f o r t  was made t o  modi fy  an e x i s t i n g  
name, b u t  f u l l  s y s t e m a t i c  name o f  new compounds were based  
on t h e  p l a n t  s p e c i e s .
1 . 4  A c c o r d in g  t o  t h e  common p r a c t i c e  i n  p l a n t  c h e m i s t r y ,  t r i v i a l
names w ere  u s e d  t o  d e s i g n a t e  t h e  s i  d e - c h a i n s  a t t a c h e d  t o  t h e
main s k e l e t o n  o f  t h e  compounds i s o l a t e d ,  b u t  t h e  f o l l o w i n g  
wou ld  be t h e  c o r r e s p o n d i n g  IUPAC names:
4 - A c e t y l o x y a n g e l a t e  e s t e r :  4 - A c e t o x y - 2 - m e t h y l - 2 - b u t e n o a t e  
Angel a t e  e s t e r :  Z_-2-Methyl - 2 - b u t e n o a t e
i s o - B u t y r a t e  e s t e r :  2 - M e t h y l p r o p a n o a t e
3 - H y d r o x y - 2 - e t h y l a c r y l a t e  e s t e r :  3 - H y d r o x y - 2 - m e t h y l e n e -  
b u t a n o a t e
5 - H y d r o x y t i g l a t e  e s t e r :  _ E j -2 -H y d r o x y m e th y l - 2 - b u te n o a te  
M e t h a c r y l a t e  e s t e r :  2 - M e t h y l p r o p e n o a t e  
S a r r a c i n a t e  e s t e r :  _Z _-2 -H ydroxym ethy l -2 -bu tenoa te  
T i g l a t e  e s t e r :  E_-2-Methyl - 2 - b u t e n o a t e  
i s o - V a l e r a t e  e s t e r :  3 - M e t h y l b u t a n o a t e
1 . 5  IUPAC r u l e s  were used  t o  number bo th  t h e  r i n g  and s i d e - c h a i n  
c a rb o n  a to m s ,  b u t  p r im ed  numbers  were  used  f o r  t h e  s i d e -  
c h a i n s .
2 .  Symbols  and a b b r e v i a t i o n s :
2 . 1  A n a l y t i c a l  t e c h n i q u e s .
CD: C i r c u l a r  d i c h r o i s m
CIMS: Chemical  i o n i z a t i o n  mass s p e c t r o m e t r y
EIMS: E l e c t r o n  im p a c t  mass s p e c t r o m e t r y
HRMS: High r e s o l u t i o n  mass s p e c t r o m e t r y
IR: I n f r a r e d  s p e c t r o p h o t o m e t r y
MS: Mass s p e c t r o m e t r y
mp: M e l t i n g  p o i n t ,  u n c o r r e c t e d
NMR: N u c l e a r  m a g n e t i c  r e s o n a n c e
p r e p .  TLC: P r e p a r a t i v e - l a y e r  c h r o m a to g r a p h y
TLC: T h i n - l a y e r  c h r o m a to g r a p h y
UV: U l t r a v i o l e t  s p e c t r o p h o t o m e t r y
2 . 2  C h e m i c a l s .
A c e t o n e - d g  o r  (CD3 ) 2C0: D e u t e r o a c e t o n e
Ac20: A c e t i c  a n h y d r i d e
B e nz e ne -dg  o r  CgDg: D e u t e r o b e n z e n e
E t 20: E thy l  e t h e r
EtOAc: E th y l  a c e t a t e
EtOH: E th a n o l
HOAc: A c e t i c  a c i d
MeOH: Methanol
Me2C0: A c e to n e
p e t r o l :  P e t r o l e u m  e t h e r  
xvi  i i
Si g e l : Si 1 i c a  ge l
TAI: T r i c h l o r o a c e t y l  i s o c y a n a t e
TMS: T e t r a m e t h y l s i l a n e
2 . 3  S i d e - c h a i n s .
Me: Methyl
OAc: A c e t a t e
OAng: Angel a t e
0Ang-4-0Ac:  4 - A c e t y l o x y a n g e l a t e
OiBu: i s o - B u t y r a t e
OMac: M e t h a c r y l a t e
OMe: Methoxy
OTig:  T i g l a t e
OSar:  S a r r a c i n a t e
O S a r a c : A c e t y l s a r r a c i n a t e
O iV a l :  i s o - V a l e r a t e
2 . 4  V a r i o u s .
b r :  b r o a d e n e d  
d :  d o u b l e t
6: c h e m i c a l  s h i f t  i n  ppm r e l a t i v e  t o  TMS
h: h e p t e t
J_: c o u p l i n g  c o n s t a n t  i n  h e r t z
m: m u l t i  pi e t
M+ : m o l e c u l a r  ion
p :  p e n t e t
q :  q u a r t e t
s :  s i n g l e t
t :  t r i p l e t
x i x
ABSTRACT
F o u r t e e n  s p e c i e s  o f  t h e  genus  C a l e a  (Fam i ly  C o m p o s i t a e ,  T r i b e  
H e l i a n t h e a e )  f rom C e n t r a l  and n o r t h e r n  Sou th  A m e r i c a ,  i n c l u d i n g  t h e  
t y p e  s p e c i e s  f o r  t h e  g e n u s ,  were i n v e s t i g a t e d  c h e m i c a l l y  t o  d e t e r m i n e  
t h e i r  s e c o n d a r y  m e t a b o l i t e s .  The t a x a  s t u d i e d  were  C. l e p t o c e p h a l a  
B l a k e ,  C. m e g a c e p h a l a  Rob,  and Greenm.,  and C. t r i c h o t o m a  B. Smith 
from Mexico ,  C. p r u n i f o l i a  Kunth ( s y n .  C. p i t t i e r i ) f rom C o s t a  R i c a ,  
C. p r u n i f o l i a  Kunth f rom Panama, C. j a m a i c e n s i s  L. f rom J a m a i c a ,  and 
t h e  V e n e z u e la n  s p e c i e s  C. b e r t e r i a n a  DC., C.  d i v a r i c a t a  Benthem, C. 
o l i v e r i i  Rob, and G re e nm . ,  C. p r u n i f o l i a  Kunth ,  C. s e p t u p l i n e r v i a  
H i e r o n . ,  C. s o l i d a g i n e a  Kun th ,  and C. s u b c o r d a t a  Kun th .
The c h e m i c a l  i n v e s t i g a t i o n  o f  t h e s e  C a l e a  s p e c i e s ,  u n d e r t a k e n  a s  
p a r t  o f  a b i o c h e m i c a l  s y s t e m a t i c  s t u d y ,  has  r e s u l t e d  i n  t h e  i s o l a t i o n  
o f  83 compounds ,  o f  which  38 a r e  new n a t u r a l  p r o d u c t s .  The i s o l a t e d  
compounds were r e p r e s e n t e d  by a d i o x i n  d e r i v a t i v e ,  3 b e n z o f u r a n e s ,  5 
c h r o m e n e s ,  12 f l a v o n e s ,  and 62 s e s q u i t e r p e n e  l a c t o n e s .  The 
s t r u c t u r e s  o f  t h e  new compounds were e s t a b l i s h e d  by c he m ic a l  and
s p e c t r o s c o p i c  m e t h o d s .  These  methods  i n c l u d e d  MS, IR, UV, and CD,
1 ?NMR, C NMR, and s i n g l e  c r y s t a l  X-ray  d i f f r a c t i o n  a n a l y s i s .
The newly i s o l a t e d  s e s q u i t e r p e n e  l a c t o n e s ,  c o m p r i s e d  o f  19 
h e l i a n g o l i d e s ,  18 g u a i a n o l i d e s ,  15 e u d e s m a n o l i d e s  and 10 g e r m a c r a n -  
o l i d e s ,  show t h a t  g u a i a n o l i d e s  a r e  common c o n s t i t u e n t s  in  C a l e a  
s p e c i e s .  T h i s  s k e l e t a l  t y p e  o f  s e s q u i t e r p e n e  l a c t o n e s ,  which was 
p r e v i o u s l y  no t  o b s e r v e d  i n  C a l e a ,  i s  found  in  C. s u b c o r d a t a  K un th ,  C. 
s o l i d a g i n e a  Kunth ,  C. b e r t e r i a n a  DC., C. p r u n i f o l i a  Kunth from 
V e n e z u e la  and Panama, C. j a m a i c e n s i s  L . ,  and C. l e p t o c e p h a l a  B l a k e .
F u r a n o h e l i a n g o l i d e s ,  which  a r e  common in  Mexican C a l e a  s p e c i e s ,  have
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a r e s t r i c t e d  d i s t r i b u t i o n  among t h e  s p e c i e s  i n v e s t i g a t e d  i n  t h i s  
s t u d y .  These  f i n d i n g s ,  t o g e t h e r  w i t h  t h e  p r e s e n c e  o f  g u a i a n o l i d e s  i n
C. j a m a i c e n s i s  L . ,  t h e  t y p e  s p e c i e s ,  a p p e a r  t o  c o n t r a s t  w i t h  t h e  
r e c e n t l y  s u g g e s t e d  t r a n s f e r  o f  t h e  genus  C a l e a  from t h e  s u b t r i b e  
G a l i n s o g i n a e  t o  t h e  N e u r o l a e n i n a e .
C om par i son  o f  t h e  c h e m ica l  r e s u l t s  w i t h  t h e  c l a s s i c a l  t a x o n o m ic  
d a t a  o f  t h e  genus  C a l e a ,  s u g g e s t s  a f f i n i t i e s  somewhat  d i f f e r e n t  f rom 
t h o s e  p r o p o s e d  on m o r p h o l o g i c a l  and d i s t r i b u t i o n a l  g r o u n d s .
An e x t e n s i o n  o f  a b i o g e n e t i c  scheme o f  a l l  p r e s e n t l y  known C a l e a  




1 .1  S y s t e m a t i c  b a c k g ro u n d  o f  t h e  genus C a l e a .
Among t h e  13 t r i b e s  t h a t  c o n s t i t u t e  t h e  f a m i l y  C o m p o s i t a e
( A s t e r a c e a e ) ,  t h e  t r i b e  H e l i a n t h e a e  i s  t h e  l a r g e s t  and one o f  t h e
m o r p h o l o g i c a l l y  most  d i v e r s e  t r i b e s .  T r a d i t i o n a l l y ,  t h e  t r i b e
1
H e l i a n t h e a e  has  been d i v i d e d  i n t o  10 s u b t r i b e s ,  f rom which  t h e
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G a l i n s o g i n a e  c o n t a i n s  15 g e n e r a  and a b o u t  230 s p e c i e s .  In t h e  
s u b t r i b e  G a l i n s o g i n a e ,  t h e  genus  C a l e a  i s  t h e  l a r g e s t  and c o n t a i n s  
a b o u t  80 s p e c i e s .
Members o f  t h e  genus  C a l e a  p r e s e n t  c o n s i d e r a b l e  v a r i a t i o n s  in  
t h e  m o r p h o l o g i c a l  f o r m s ,  t h a t  a r e  m o s t l y  s h r u b s ,  sm a l l  t r e e s ,  v i n e s  
and p e r e n n i a l  h e r b s .  The genus  i s  r e s t r i c t e d  t o  montane h a b i t a t s  of  
t h e  New World w here  i t  o c c u r s  a t  t r o p i c a l  l a t i t u d e s .  I t s  m a jo r  
c e n t e r s  o f  d i v e r s i t y  i n c l u d e  Mexico ,  C e n t r a l  A m e r i c a ,  n o r t h e r n  South  
A m e r i c a ,  and B r a z i l . ^  A few s p e c i e s  a r e  a b u n d a n t  and weedy,  but  many 
have  r e s t r i c t e d  d i s t r i b u t i o n s ,  and some a r e  r a r e .
The genus  C a le a  was e s t a b l i s h e d  in  1763 by L i n n a e u s  t o  
a c c o m o d a te  t h r e e  s p e c i e s  t h a t  he had e a r l i e r  p l a c e d  i n  S a n t o l i n a . In 
1 8 1 8 , Brown® s u g g e s t e d  t h e  removal  o f  two o f  t h e s e  o r i g i n a l  s p e c i e s  
l e a v i n g  o n ly  C a l e a  j a m a i c e n s i s .  R e c e n t  s y s t e m a t i c  and c he m ica l  
i n v e s t i g a t i o n s  have  g r e a t l y  m o d i f i e d  t h e  e a r l y  c o n c e p t s  o f  C a l e a ;
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s e v e r a l  s p e c i e s  have been t r a n s f e r r e d  t o  o t h e r  g e n e r a ,  ’ » and o t h e r  
g e n e r a  have  been r e i n s t a t e d .
T r a d i t i o n a l l y ,  t h e  genus  C a le a  had been p l a c e d  i n  t h e  s u b t r i b e  
G a l i n s o g i n a e ,  b u t  on t h e  b a s i s  o f  m o r p h o l o g i c a l  and k a r y o l o g i c a l
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d a t a ,  t o g e t h e r  w i t h  c h e m ica l  i n v e s t i g a t i o n s ,  Rob inson  £t_a_l_. p l a c e d
n
C a l e a  i n  t h e  s u b t r i b e  N e u r o l a e n i n a e .  A d d i t i o n a l  c h e m i c a l  e v i d e n c e  
seemed t o  s u p p o r t  t h i s  s u b t r i b a l  a l i g n m e n t .  The p r e s e n c e  o f  numerous
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i d e n t i c a l  o r  s i m i l a r  s e s q u i t e r p e n e  l a c t o n e s  i n  C a le a  and o t h e r  t a x a  
o f  t h e  N e u r o l a e n i n a e  s u g g e s t  t h a t  t h i s  s u b t r i b e  i s  c l o s e l y  a l l i e d  
w i t h  t h e  s u b t r i b e  H e l i a n t h i n a e . ^
1 .2  S e s q u i t e r p e n e  l a c t o n e s  and o t h e r  s e c o n d a r y  m e t a b o l i t e s .
In c o n t r a s t  t o  t h e  p r i m a r y  m e t a b o l i t e s  which have  a b road  
d i s t r i b u t i o n  t h r o u g h o u t  a l l  l i v i n g  o r g a n i s m s  and a r e  i n t i m a t e l y  
i n v o l v e d  i n  e s s e n t i a l  l i f e  p r o c e s s e s ,  t h e  s e c o n d a r y  m e t a b o l i t e s  have 
a r e s t r i c t e d  d i s t r i b u t i o n  and a r e  found  m o s t l y  i n  p l a n t s  and m i c r o ­
o r g a n i s m s .  They a r e  o f t e n  c h a r a c t e r i s t i c  o f  i n d i v i d u a l  g e n e r a  o r  
s p e c i e s  and a r e  formed a l o n g  s p e c i a l i z e d  b i o s y n t h e t i c  p a t h w a y s .
S e c o n d a ry  p l a n t  m e t a b o l i t e s  have  been s u c c e s s f u l l y  used  as  
b i o c h e m i c a l  s y s t e m a t i c  m a r k e r s  i n  s y s t e m a t i c  s t u d i e s  o f  f l o w e r i n g  
p l a n t s . ^  The u s e  o f  n a t u r a l  p r o d u c t s  i n  b i o c h e m i c a l  s y s t e m a t i c s  i s  
ba s ed  e i t h e r  on e x p e r i m e n t a l l y  e s t a b l i s h e d  b i o s y n t h e t i c  d a t a  o r  more 
f r e q u e n t l y ,  on b i o g e n e t i c  a r g u m e n t s .  B i o g e n e t i c  schemes w i t h i n  a 
c e r t a i n  group o f  n a t u r a l  p r o d u c t s  a r e  d e v e l o p e d  w i t h  t h e  knowledge  o f  
e s t a b l i s h e d  b i o s y n t h e t i c  r o u t e s  f o r  s i m i l a r  g roups  o f  s e c o n d a r y  
m e t a b o l i t e s ,  c h e m i c a l - m e c h a n i s t i c  r e a s o n i n g ,  and in  v i t r o  
v e r i f i c a t i o n s .
S e s q u i t e r p e n e  l a c t o n e s  ( 1 ) ,  ch rom enes  ( 2 ) ,  p o l y a c e t y l e n e s  ( 3 ) ,  
and f l a v o n o i d s  (4 )  a r e  s e c o n d a r y  m e t a b o l i t e s  f r e q u e n t l y  i s o l a t e d  from 
C a l e a  s p e c i e s  and can t h e r e f o r e  be used  a s  b i o c h e m ic a l  s y s t e m a t i c  
m a r k e r s .  G ene ra l  s t r u c t u r a l  t y p e s  o f  t h e s e  s e c o n d a r y  m e t a b o l i t e s  
found  i n  C a le a  a r e  shown i n  F i g u r e  1 - 1 .  In  C a l e a , t h e  s e s q u i t e r p e n e  
l a c t o n e s  r e p r e s e n t  t h e  most  a b u n d a n t  and s t r u c t u r a l l y  d i v e r s e  group  
o f  s e c o n d a r y  m e t a b o l i t e s ,  and t h e r e f o r e  a r e  compounds w i t h  t h e
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F i g u r e  1 - 1 .  S e c o n d a r y  m e t a b o l i t e s  in t h e  genus  C a l e a .
g r e a t e s t  p o t e n t i a l  t o  be used  as  m a r k e r s  i n  s y s t e m a t i c  s t u d i e s .
The t e r p e n e s  a r e  one o f  t h e  l a r g e s t  and most  u n i v e r s a l l y  
d i s t r i b u t e d  group o f  n a t u r a l l y  o c c u r r i n g  o r g a n i c  c o m p o u n d s . ^  W i th in  
t h e  t e r p e n e s ,  t h e  s e s q u i t e r p e n e s  which t y p i c a l l y  c o n t a i n  f i f t e e n  
c a r b o n  atoms form a s t r u c t u r a l l y  d i v e r s e  and w i d e l y  d i s t r i b u t e d  c l a s s  
of  compounds .  The s e s q u i t e r p e n e  l a c t o n e s  r e p r e s e n t  a s u b c l a s s  of  t h e  
s e s q u i t e r p e n e s  and t h e y  a r e  c h a r a c t e r i z e d  by t h e  y - l a c t o n e  f u n c t i o n  (5 )  
as  shown be low:
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To d a t e  a b o u t  1500 s e s q u i t e r p e n e  l a c t o n e s  a r e  known » and
t h e i r  o c c u r r e n c e  i s  r e s t r i c t e d  m a i n ly  t o  t h e  C om p o s i t a e  and 
1 ftM a g n o l i a c e a ,  which makes them u s e f u l  m a r k e r s  i n  b i o c h e m ic a l
s y s t e m a t i c s  s t u d i e s .
B i o g e n e t i c a l l y ,  s e s q u i t e r p e n e  l a c t o n e s  a r e  d e r i v e d  from t r a n s ,
t r a n s - f a r n e s y l  p y r o p h o s p h a t e  (12 )  which upon c y c l i z a t i o n s  and
o x i d a t i v e  b i o m o d i f i c a t i o n s  l e a d s  t o  t h e  g e r m a c r a n o l i d e s ,  t h e
b i o g e n e t i c a l l y  most  p r i m i t i v e  g roup  o f  s e s q u i t e r p e n e  l a c t o n e s .  The
t e r m  g e r m a c r a n o l i d e  r e f e r s  t o  s e s q u i t e r p e n e  l a c t o n e s  which  have  a
171 ( 1 0 ) ,  4 ( 5 ) - c y c l o d e c a d i e n e  s k e l e t o n  as  w e l l  as  t h o s e  i n  which one
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o r  bo th  d o u b l e  bonds have  been m o d i f i e d .  Among t h e  f o u r  m ajo r
1 7c o n f i g u r a t i o n a l  t y p e s  o f  g e r m a c r a d i e n o l i d e s  , o n ly  t h e  l ( 1 0 ) - t r a n s ,  
4 ( 5 ) - t r a n s - g e r m a c r a n o l i d e  o r  g e r m a c r o l i d e s  (7 )  and t h e  l ( 1 0 ) - t r a n s ,  
4 ( 5 ) - c i s - g e r m a c r a n o l i d e  o r  h e l i a n g o l i d e  (9 )  have been i s o l a t e d  from 
t h e  genus  C a l e a . F i g u r e  1-2  i l l u s t r a t e s  t h e  c o n f i g u r a t i o n a l  
r e p r e s e n t a t i v e s  o f  t h e s e  two g e r m a c r a n o l i d e s  shown in  t h e i r  most  
common c o n f o r m a t i o n  6 and 8 and t h e i r  t w o - d i m e n s i o n a l
r s  r s
r e p r e s e n t a t i o n s .
The b i o g e n e s i s  o f  t h e  6 , 7 -  and 7 , 8 - l a c t o n i z e d  g e r m a c r a n o l i d e s  
f rom t h e  i s o p r e n e  p r e c u r s o r s  i s  shown in  Scheme 1 - 1 .  A f t e r  t h e  
f o r m a t i o n  o f  t h e  ge rm a cra n e  i n t e r m e d i a t e  ( 1 3 ) ,  b i o - o x i d a t i o n s  o f  t h e  
i s o p r o p y l  s i d e  c h a i n  and h y d r o x y l a t i o n  a t  C-6 o r  C-8 on t h e  
s e s q u i t e r p e n e  t e n - m e m b e re d  r i n g  a l l o w s  t h e  1a c t o n i z a t i o n  and y i e l d s  
t h e  c o r r e s p o n d i n g  g e r m a c r a n o l i d e s  ( 1 7 , 1 8 ) .
A l l  o t h e r  s e s q u i t e r p e n e  l a c t o n e  s k e l e t a l  t y p e s  can be 
b i o g e n e t i c a l l y  l i n k e d  t o  t h e  g e r m a c r a n o l i d e s ^  by t h e  pa thw a ys  shown 
i n  Scheme 1 - 2 .  E i t h e r  b e f o r e  o r  a f t e r  t h e  l a c t o n i z a t i o n ,  t h e  
g e r m a c r a n e  p e r c u r s o r  u n d e r g o e s  a v a r i e t y  o f  c y c l i z a t i o n s ,  r i n g  
f i s s i o n s ,  o x i d a t i o n s ,  r e d u c t i o n s ,  e t c . ,  and y i e l d s  t h e  v a r i o u s  
s t r u c t u r a l  t y p e s  shown i n  Scheme 1 - 2 .
1 . 3  Chemica l  s t u d i e s  o f  t h e  genus  C a l e a .
At t h e  p r e s e n t  t i m e  o u r  knowledge  o f  t h e  v a r i o u s  t y p e s  o f  
s e c o n d a r y  m e t a b o l i t e s  i n  C a le a  must  be c o n s i d e r e d  t o  be i n c o m p l e t e .
Fewer t h a n  25 s p e c i e s  have  been s u b j e c t e d  t o  c h e m ic a l  i n v e s t i g a t i o n s ,  
and t h e s e  i n v e s t i g a t i o n s  have  been m a i n l y  d i r e c t e d  t o w a r d  t h e  m a jo r  
c o n s t i t u e n t s  and o f t e n  f a i l e d  t o  d e s c r i b e  t h e  i d e n t i t y  o f  m ino r
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g e r m a c r o l i d e
CH
h e l i a n g o l id e
F i g u r e  1 - 2 .  C o n f i g u r a t i o n a l  t y p e s  o f  g e r m a c r a n o l i d e s  in t h e  genus  
C a l e a .
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6 , 7 - l o c t o n i x e d  G e r m o c r a n o l i d e  
(17)
Scheme 1 - 1 .  B i o g e n e s i s  o f  6 , 7 -  and 7 , 8 - l a c t o n i z e d  g e r m a c r a n o l i d e s  
f rom t h e  i s o p r e n e  p r e c u r s o r s .
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Scheme 1 - 2 .  Types  and b i o g e n e t i c  r e l a t i o n s h i p s  o f  g e rm a cra n o l  i d e  
d e r i v e d  s e s q u i t e r p e n e  l a c t o n e s .
c o m p o n e n t s .  Among a l l  t h e  c h e m i c a l l y  a n a l y s e d  t a x a  o f  t h e  genus 
C a l e a ,  18 c o n t a i n e d  s e s q u i t e r p e n e  l a c t o n e s ,  8 c o n t a i n e d  c h ro m e n e s ,  9 
y i e l d e d  p o l y a c e t y l e n e s ,  and 19 gave o t h e r  m e t a b o l i t e s  f rom which t h e  
t e r p e n o i d s  and thymol d e r i v a t i v e s  were  t h e  most  common. T a b l e  1-1 
summ ar izes  t h e  d i s t r i b u t i o n  o f  t h e s e  s e c o n d a r y  m e t a b o l i t e s  among t h e  
C a l e a  s p e c i e s  t h a t  have been i n v e s t i g a t e d .
Over  80 d i f f e r e n t  s e s q u i t e r p e n e  l a c t o n e s  have been  i s o l a t e d  from
o n  pi
C a l e a  s p e c i e s  » ;  most  o f  them r e p r e s e n t  h e l i a n g o l i d e s  (8 )  o r  
b i o g e n e t i c  d e r i v a t i v e s ,  which seem t o  be t h e  s e s q u i t e r p e n e  l a c t o n e s  
c h a r a c t e r i s t i c  of  t h e  g e n u s .  The g e r m a c r o l i d e s  ( 6 )  a p p e a r  t o  be l e s s  
w i d e l y  d i s t r i b u t e d  in  C a l e a , w h i l e  e u d e s m a n o l i d e s  (22 )  have been
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r e p o r t e d  o n l y  i n  C_. r o t u n d i f o l i a  and C. s z y s z l o w i c z i i . So f a r ,  
g u a i a n o l i d e s  (2 5 )  have n o t  been  r e p o r t e d  as  C a l e a  c o n s t i t u e n t s .  The 
d i s t r i b u t i o n  o f  t h e  v a r i o u s  t y p e s  o f  s e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  
from C a le a  i s  p r e s e n t e d  i n  T a b l e  1 - 2 ,  and t h e  c o r r e s p o n d i n g  t y p e s  a r e  
shown i n  F i g u r e  1 - 3 .
The chromenes  ( 2 ) ,  t h e  r e l a t i v e  s t a b i l i t y  and p h y s i c a l  
p r o p e r t i e s  o f  which a l l o w  e a s y  s p e c t r o s c o p i c  d e t e c t i o n ,  r e p r e s e n t  
a n o t h e r  p o t e n t i a l ,  b i o s y n t h e t i c a l l y  i n d e p e n d e n t  group o f  m a r k e r s  f o r  
s y s t e m a t i c  s t u d i e s  i n  t h e  genus C a l e a .  However t h e i r  p r e s e n c e  has
1 9  1 9  1 A
been  r e p o r t e d  o n ly  i n  C. m o r i i  , £_. p i l o s a  , C. r o t u n d i f o l i a  , C_.
t e r n i f o l i a ^ , C_. h i s p i d a * ^ ,  C_. new s p e c i e s * ^ ,  C_. o x y l e p i s ^ , and C_.
25
z a c a t e c h i  ch i  .
P o l y a c e t y l e n e s  (3 )  have  a l s o  been i s o l a t e d  from some C a l e a s , bu t
nc
t h e i r  i n s t a b i l i t y ,  which r e q u i r e s  s p e c i a l  i s o l a t i o n  t e c h n i q u e s  , has
g r e a t l y  l i m i t e d  t h e i r  d e t e c t i o n .  S t r a i g h t  c h a i n  p o l y a c e t y l e n e s  were
1 ^  9 1  ? 8i s o l a t e d  from C_. p i l o s a  , C_. a n g u s t a  , C_. i n t e g r i  f o l  1 a , C_.
Table 1-1. D is tr ibu tion  of secondary m etabolites in Calea species .
S p e c ie s
97
a n q u s ta  B1ake 
a x i l l a r i s  DC. 34 
c u n e i f o i  ia  DC.36 
C_. h a r l e y i  H. R o b in s .36
h lm e n o le p is  Baker 


















i n t e g r i f o l i a  Hemsl.
1 a n ta n o id e s  G a rd n .36 
m o r i i  H. R o b in s .13
99
new s p e c i e s  
o x y le p i s  Baker
28
13 p i l o s a  Baker 
 p i n n a t i f I d a  Banks 
r e t i c u l a t a  G ardn .
29
30
r o t u n d i f o l i a  ( L e s s . )  B aker1^
s c a b ra  (L a g . )  B .L .R obinson  
.21C. s z y s z l o w i c z i i  H ieron
Local i t y
S e s q u i te r p e n e  
1 a c to n e s Chromenes A c e ty le n e s O th e rs
B r a z i l , NE + + +a ,b ,m
Mexico, Vera Cruz + - - -
B r a z i l , Sao P au lo - - - + t , j  ,1
B r a z i l , Bahia + - - + b ,c
B ra z i l + - - + a» c ,d
B r a z i l , NE + + - + a , b , j ,
Mexico - - + -
B r a z i l , Minas G e ra is + - - -
B r a z i l , NE + + - +a
B ra z i l + + - + a ,b
B r a z i l , NE + + - +b
B r a z i l , NE + + + + a .b ,h
B r a z i l , Sao Paulo + - + +e
B r a z i l , NE - - + +a
B ra z i l + + - _a
Guatemal a - - + -
Peru + - _ + b ,d ,1
Table 1.1 D is tr ib u t io n  of secondary m etabolites 1n Calea sp ec ies .  (Continued)
S e s q u i te r p e n e
Spec ie s Local i t y la c t o n e s Chromenes A c e ty le n e s O th e rs
C. t e u c r l f o l l a  (G a rd n . )B a k e r2 ^ 
C. t e r n  1f o l 1 a  HBK
B ra z i l + - - ^ a - d , h .
v a r .  ca l  ycul a t a ^ ,4(^ Mexico, C hiapas + - - -
41 Mexico, Nuevo Leon + - - -
20 M exico,San Luis  P o to s l + - - -
20 Mexico, J a l i s c o + + - -
v a r .  t e r n l f o l l a 41 Mexico, G u e rre ro + - - -
C. u r t l c l f o l  1a (M ulle r )D C .42 El S a lv a d o r .S o n s o n a te + - - -
32 Guatemal a + - - +9
33 H o n d u ra s ,T eg u c ig a lp a + - - -
C . v l l l o s a  (B a k e r ) S c h .B ip .4^ B r a z i l ,  Bahia + - - + a ,b ,h
C. z a c a t e c h l c h l  S c h le c h t2 ^*44 Mexico, Morelos + + +
31 Guatemal a + - +
33 H onduras.Teguc1gal pa + - - -
( a )  Germacrene D, b i c y c lo  ge rm acren e ,  c a r y o p h y l le n e ,  s e s q u l p h e l l a n d r e n e s ,  humulenes; (b )  Thymol d e r i v a t i v e s ;
( c )  H ydroxyacetophenone d e r i v a t i v e s ;  (d )  B en zo fu ran es ;  (e )  F a t t y  a c i d s ,  e s t e r s ,  a c i d s ;  ( f )  F la v o n o id s ;
(g )  Phenol d e r i v a t i v e s ;  (h )  Nerol i d o l - d e r i v a t i v e s ;  ( i )  1 ,4 -D io x in  d e r i v a t i v e s ;  ( j )  F a rneso l  d e r i v a t i v e s ;
(k)  Menthones; (1 )  Chromanones; (m) Isocom enes.
Table 1-2. Sesquiterpene lac tones in Calea species .
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C_. a n g u s ta  B1 ake2^ + + -
C. a x i l l a r i s  DC.34 + - - - ................................................ ....................................................................................
£ .  h a r l e y i  H. R o b in s .  3(* -
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F i g u r e  1 - 3 .  S e s q u i t e r p e n e  l a c t o n e s  from t h e  genus  C a l e a .  ( C o n t i n u e d )
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F i g u r e  1 - 3 .  S e s q u i t e r p e n e  l a c t o n e s  from t h e  genus  C a l e a .  ( C o n t i n u e d )
?Q on 01
p i n n a t i f  1 da , C_. r e t i c u l a t a  , and C_. s c a b r a .
P h e n o l i c  compounds f rom  C a le a  have no t  been s y s t e m a t i c a l l y
a n a l y z e d .  Thymol d e r i v a t i v e s  have been i s o l a t e d  from C_. p i l o s a ^ , C_.
7 1 77 77 77s z y s z l o w i c z i i  , C_. h i s p i  da , C. new s p e c i e s  , £ .  t e u c r i f o l  i a  , C.
0 1  0 0  AO
a n g u s t a  , C_. u r t i c i f o l i a  , and JC* vi 1 l o s a . F l a v o n o i d s  (4 )  have
00
o n l y  been r e p o r t e d  from C_. z a c a t e c h i c h i .
The c h e m ic a l  s t u d y  o f  d i f f e r e n t  C a l e a  s p e c i e s  and v a r i e t i e s  f rom 
C e n t r a l  and n o r t h e r n  Sou th  A m e r i c a ,  i n  an a t t e m p t  t o  d e r i v e  
c hemotaxonom ic  r e l a t i o n s h i p s  among t h e  C a l e a  complex fo rms  t h e  body 
o f  t h i s  d i s s e r t a t i o n .  A r a t i o n a l i z a t i o n  o f  t h e  b i o g e n e s i s  o f  t h e  
i s o l a t e d  s e s q u i t e r p e n e  l a c t o n e s  i s  a l s o  p r e s e n t e d .
Chapter 2
THE ISOLATION AND STRUCTURE ELUCIDATION OF SESQUITERPENE 
LACTONES FROM CALEA SUBCORDATA.
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2 . 1  I n t r o d u c t i o n
Chemica l  a n a l y s i s  o f  C a l e a  s u b c o r d a t a  S.  F.  B la ke  from t h e  S t a t e  
o f  T a c h i r a ,  V e n e z u e la  r e s u l t e d  i n  t h e  i s o l a t i o n  and s t r u c t u r e  
d e t e r m i n a t i o n  o f  7 new s e s q u i t e r p e n e  l a c t o n e s .  The s t r u c t u r e s  o f  
t h e s e  new compounds a r e  shown in  F i g u r e  2 - 1 .
P r e v i o u s  c he m ica l  s t u d i e s  on C a l e a  s p e c i e s  ( T a b l e  1 - 2 )  y i e l d e d  
g e r m a c r o l i d e s ,  h e l i a n g o l i d e s  and  e u d e s m a n o l i d e s ,  b u t  t h e  p r e s e n c e  o f  
g u a i a n o l i d e s  was n o t  r e p o r t e d  i n  any o f  t h o s e  s t u d i e s .  8 - e p i -  
i s o b u t y r y 1r u p i c o l i n  A ( 5 2 ) ,  8 - e p i - i s o b u t y r y l r u p i c o l i n  B (54, ) ,  and 
s u b c o r d a t o l i d e  A (56)  i s o l a t e d  from C. s u b c o r d a t a  r e p r e s e n t  t h e r e f o r e  
t h e  f i r s t  g u a i a n o l i d e s  i s o l a t e d  from t h e  genus  C a l e a . The s t r u c t u r e s  
o f  t h e s e  new g u a i a n o l i d e s  were e s t a b l i s h e d  by c h e m ica l  and 
s p e c t r o s c o p i c  m e t h o d s .
S u b c o r d a t o l i d e s  B (58)  and  E ( 6 3 )  r e p r e s e n t  1 2 , 8 a -  
e u d e s m a n o l i d e s ,  w h i l e  s u b c o r d a t o l i d e  C (59)  i s  a 1 2 ,8  3-
/"W V
e u d e s m a n o l i d e .  The s t r u c t u r e s  o f  t h e s e  compounds were  deduced  from 
s p e c t r a l  d a t a ,  and t h e  m o l e c u l a r  s t r u c t u r e s  o f  s u b c o r d a t o l  i d e s  
B (58)  and  C (59 )  were  e s t a b l i s h e d  by s i n g l e  c r y s t a l  X - rayr* * r M f N y
d i f f r a c t i o n  a n a l y s i s .
S u b c o r d a t o l i d e  D (60)  r e p r e s e n t s  t h e  s e c o n d  n a t u r a l l y  o c c u r i n g  
4 - t r a n s ,  9 - c i s - c y c l o d e c a d i e n o l i d e  so  f a r  i s o l a t e d . ^  I t s  s t r u c t u r e  
was d e t e r m i n e d  by c h e m i c a l  and s p e c t r o s c o p i c  m e t h o d s ,  i n c l u d i n g  X - r a y  
a n a l y s i s .
2 . 2  G e n e r a l  C o n s i d e r a t i o n s
2 . 2 . 1  I s o l a t i o n  o f  s e s q u i t e r p e n e  l a c t o n e s .
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F i g u r e  2 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from C. s u b c o r d a t a .





PLANT FATS (ppt) + TERPENOID SOLUTION
2-5%  P b (O A c),
V
TERPENOID SOLUTION ♦ PHENOLICS, CHLOROPHYL (ppt)
REMOVE EtOH In vacuo
V
OIL + WATER MIXTURE
3x400m l CHCI3 
„ FILTER AND EVAPORATE
CRUDE SYRUP (1 -2 0 g )
Scheme 2 -1 .  E xtraction  procedure for  sesqu iterpene la c to n e s .
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t o  t h e  g e n e r a l  p r o c e d u r e  o u t l i n e d  i n  Scheme 2 - 1 .
The c r u d e  e x t r a c t  o b t a i n e d  a f t e r  t h e  e v a p o r a t i o n  o f  t h e  s o l v e n t ,  
was d i s s o l v e d  in  e t h a n o l  and t r e a t e d  w i t h  a 5% a queous  Pb(0Ac)2  
s o l u t i o n  t o  p r e c i p i t a t e  t h e  p h e n o l i c  compounds and c h l o r o p h y l l s  t h a t  
a r e  e x t r a c t e d  a lo n g  w i t h  t h e  s e s q u i t e r p e n e  l a c t o n e s .  C o n c e n t r a t i o n  
o f  t h e  r e s u l t i n g  s o l u t i o n  by in  vacuo e v a p o r a t i o n  o f  most  o f  t h e  
e t h a n o l  was f o l l o w e d  by r e p e a t e d  e x t r a c t i o n s  o f  t h e  aqueous  s o l u t i o n  
w i t h  c h l o r o f o r m .  Dry ing  t h e  combined o r g a n i c  e x t r a c t s  o v e r  
and e v a p o r a t i o n  o f  t h e  c h l o r o f o r m  y i e l d e d  t h e  c r u d e  t e r p e n o i d  
e x t r a c t .
Column c h r o m a to g r a p h y  on s i l i c a  gel  o f  t h i s  c r u d e  s y r u p  w i t h  
a p p r o p r i a t e  s o l v e n t  m i x t u r e s  p r o v i d e d  f r a c t i o n s  from which t h e  
d i f f e r e n t  compounds were  o b t a i n e d .  G e n e r a l l y  t h e s e  f r a c t i o n s  were  
f u r t h e r  p u r i f i e d  by p r e p a r a t i v e  t h i n  l a y e r  c h ro m a to g r a p h y  (TLC) on 
s i l i c a  ge l  w i t h  d i f f e r e n t  s o l v e n t  m i x t u r e s  o r  by p e r f o r m i n g  a second  
s i l i c a  gel  column s e p a r a t i o n .
TLC was e x t e n s i v e l y  u s e d ,  n o t  o n l y  t o  d e t e r m i n e  t h e  b e s t  
c o n d i t i o n s  f o r  column c h r o m a t o g r a p h y ,  b u t  a l s o  t o  m o n i t o r  t h e  
i s o l a t i o n  p r o c e d u r e s  and t h e  p r o g r e s s  o f  c he m ica l  r e a c t i o n s .
2 . 2 . 2  S p e c t r a l  Methods f o r  S t r u c t u r e  E l u c i d a t i o n .
The s t r u c t u r e  e l u c i d a t i o n  o f  t h e  i s o l a t e d  compounds was l a r g e l y  
a c c o m p l i s h e d  by n u c l e a r  m a g n e t i c  r e s o n a n c e  t e c h n i q u e s  (NMR), a l t h o u g h  
mass s p e c t r o m e t r y  (MS), c i r c u l a r  d i c h r o i s m  (CD) and i n f r a r e d  
s p e c t r o p h o t o m e t r y  (IR) were  somet im es  i n d i s p e n s a b l e .
Fundamenta l  *H NMR s i g n a l s  were  t h o s e  of  methyl  p r o t o n s  ( 0 . 8 - 2 . 4  
ppm), v i n y l  p r o t o n s  ( 4 . 8 - 7 . 0  ppm),  and p r o t o n s  gemina l  t o  o x y - g r o u p s
( 3 . 5 - 5 . 8  ppm). D i a g n o s t i c  s i g n a l s  f o r  t h e  p r e s e n c e  o f  a - m e t h y l e n e - y -  
l a c t o n e s  were  i n d i c a t e d  i n  t h e  NMR s p e c t r u m  by two d o u b l e t s  (_J_= 1-4 
Hz) i n  t h e  5 . 5 - 6 . 5  ppm r a n g e ,  which a r e  due t o  t h e  two H-13 m e t h y le n e  
p r o t o n s  o f  t h e  y - 1 a c t o n e  m o i e t y .  T h i s  c o u p l i n g  (J_=l-4 Hz) i s  due t o
t h e  a l l y l i c  i n t e r a c t i o n  be tw een  t h e  H-7 and t h e  H-13 m e t h y le n e
47 48 
p r o t o n s .  ’
I n f o r m a t i o n  a b o u t  t h e  number and t y p e s  o f  c a rb o n  atoms  in  a
1 3compound was d e r i v e d  f rom  C NMR a n a l y s i s .  Chemical  s h i f t  
i n f o r m a t i o n  was o b t a i n e d  by p r o t o n - n o i s e  d e c o u p l i n g  e x p e r i m e n t s ,  
w h i l e  t h e  number o f  p r o t o n s  on each  o f  t h e  c a r b o n s  was f r e q u e n t l y  
d e t e r m i n e d  by s i n g l e  f r e q u e n c y  o f f - r e s o n a n c e  e x p e r i m e n t s ,  bu t  more 
o f t e n  by t h e  u se  o f  h e t e r o n u c l e a r  m u l t i p u l s e  t e c h n i q u e s  (DEPT AND 
IN EPT ) .4 9 ’ 50
S t e r e o c h e m i c a l  a s s i g n m e n t s  were  made by c o n s i d e r a t i o n  o f  t h e  
a n g u l a r  d e p e n d e n c e  o f  t h e  c o u p l i n g  c o n s t a n t s 5^ ,  D r e i d i n g  m o l e c u l a r
c o
model c o n s i d e r a t i o n s ,  and p a r a m a g n e t i c  a c y l a t i o n  and a c e t y l a t i o n
s h i f t s  i n  t h e  c a s e  o f  compounds c o n t a i n i n g  hyd roxy l  g r o u p s .
Mass s p e c t r a  were  u se d  m a i n ly  t o  d e t e r m i n e  t h e  m o l e c u l a r  w e i g h t
and t h e  n a t u r e  o f  t h e  s i d e  c h a i n s  a t t a c h e d  t o  t h e  b a s i c  s k e l e t o n .
For  some compounds,  h o w e v e r ,  t h e  o b s e r v e d  f r a g m e n t a t i o n  p a t t e r n s  were
f u n d a m e n ta l  i n  t h e  e s t a b l i s h m e n t  of  t h e  s t r u c t u r e s .
C i r c u l a r  d i c h r o i s m  was ve ry  v a l u a b l e  f o r  t h e  d e t e r m i n a t i o n  of
t h e  s t e r e o c h e m i s t r y  o f  many o f  t h e  i s o l a t e d  compounds b e c a u s e  t h e
C o t t o n  e f f e c t  in  t h e  r a n g e  245 -2 6 0  nm, due t o  t h e  n ->■ ir* t r a n s i t i o n
o f  t h e  a - m e t h y l e n e - y - 1 a c t o n e ,  can be c o r r e l a t e d  w i t h  t h e
53 54s t e r e o c h e m i s t r y  o f  t h e  l a c t o n e  r i n g .  ’
The most  u s e f u l  IR a b s o r p t i o n  bands  were t h o s e  o f  t h e  y-1 a c t o n e
24
( 1 7 5 0 -1 7 7 0  cm- '*-) ,  e s t e r  c a r b o n y l  g ro u p s  (168 0 -1 7 4 5  cm- * ) ,  d o u b l e  
bonds (1630 -1670  cm- * ) ,  and hy d ro x y l  g ro u p s  (330 0 -3 6 0 0  cm- * ) .
Most o f  t h e  s e s q u i t e r p e n e  l a c t o n e s  e x h i b i t  a s t r o n g  UV 
a b s o r p t i o n  in  t h e  r e g i o n  205-220  nm, and t h e r e f o r e  t h e  UV d a t a  were  
n o t  v e ry  u s e f u l .
2 . 3  S t r u c t u r e  D e t e r m i n a t i o n  o f  S e s q u i t e r p e n e  L a c to n e s  from 
C a l e a  S u b c o r d a t a .
The d r i e d  and g round  p l a n t  m a t e r i a l  was e x t r a c t e d  a c c o r d i n g  t o  
t h e  g e n e r a l  p r o c e d u r e  o u t l i n e d  in  Scheme 2 - 1 .  The *H NMR s p e c t r u m  o f  
t h i s  c r u d e  t e r p e n o i d  e x t r a c t  f rom C_. s u b c o r d a t a  i s  p r e s e n t e d  in  
F i g u r e  2 - 2 .
The c h r o m a t o g r a p h i c  s e p a r a t i o n s  o f  t h e  c r u d e  s y r u p ,  c a r r i e d  ou t
by t h e  p r o c e d u r e  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n ,  y i e l d e d  7
s e s q u i t e r p e n e  l a c t o n e s  ( F i g u r e  2 - 1 )  t h e  s t r u c t u r e  d e t e r m i n a t i o n s  o f
whir.h a r e  d e s c r i b e d  b e lo w .
8 - e p i - i s o b u t y r y l r u p i c o l i n  A ( 5 2 ) ,  was a gum w i t h  an IR
s p e c t r u m  t h a t  showed t h e  p r e s e n c e  o f  a t e r t i a r y  h y d ro x y l  g roup  (3580
and 1150 cm- * ) ,  a y - l a c t o n e  (1765 cm- * ) ,  s a t u r a t e d  e s t e r ( s )  (1725
cm- * ) ,  and c a r b o n - c a r b o n  u n s a t u r a t i o n ( s )  (1665 cm- * ) .  The a-
m e t h y l e n e - y - 1 a c t o n e  m o i e t y  was f u r t h e r  c o r r o b o r a t e d  by t h e  *H NMR
s p e c t r u m  o f  52 ( F i g u r e  2 - 3 )  which  e x h i b i t e d  two o n e - p r o t o n  d o u b l e t s
a t  6 6 . 3 0  (H -13a)  and 5 . 5 4  ( H - 1 3 b ) ,  and a m u l t i p l e t  a t  6 3 .3 8  ( H - 7 ) .
The e s t e r  s u b s t i t u e n t  was a s s i g n e d  t o  an i s o b u t y r a t e  group on t h e
b a s i s  o f  d i a g n o s t i c  *H NMR s i g n a l s  (a o n e - p r o t o n  h e p t e t  a t  6 2 .4 7 ,  and
two t h r e e - p r o t o n  d o u b l e t s  a t  61 .0 9  and 1 . 0 6 ) ,  t o g e t h e r  w i t h
1 2
c h a r a c t e r i s t i c  mass s p e c t r a l  peaks  a t  m/z_ 71 (A ) and 43 (A ) .  The




CD s p e c t r u m  showed a n e g a t i v e  C o t t o n  e f f e c t  (CE) a t  250 nm, 
s u g g e s t i n g  a t r a n s - f u s e d  1 2 , 6 a -  l a c t o n e  o r  a c i s - f u s e d  1 2 , 8 3 -
r  O
l a c t o n e  . F u r t h e r  a s s i g n m e n t s  o f  t h e  b a s i c  s k e l e t o n  were  de duced  
f rom e x t e n s i v e  d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s  i n  d i f f e r e n t  s o l v e n t s ;  
t h e  r e s u l t s  a r e  summarized  i n  T a b le  2 - 1 .
S a t u r a t i o n  of  t h e  m u l t i p l e t  a t  63 .3 8  (H-7)  c hanged  t h e  d o u b l e t
o f  d o u b l e t s  a t  6 5 .7 9  ( H - 8 ) t o  a d o u b l e t ,  s i m p l i f i e d  t h e  d o u b l e t  o f
d o u b l e t s  a t  6 4 .4 3  (H-6)  t o  a d o u b l e t ,  and c o l l a p s e d  t h e  two o n e -
p r o t o n  d o u b l e t s  a t  6 6 .3 0  (H-13a)  and 5 .5 4  (H-13b)  t o  s i n g l e t s .  
I r r a d i a t i o n  o f  t h e  d o u b l e t  o f  d o u b l e t s  a t  4 . 4 3  (H-6)  cha nged  t h e  
m u l t i p l e t  a t  6 3 . 3 8  ( H - 7 ) ,  and c o l l a p s e d  t h e  b r o a d e n e d  d o u b l e t  a t  
6 2 .7 8  (H-5)  t o  a s i n g l e t .  S i m i l a r l y ,  i r r a d i a t i o n  o f  t h e  d o u b l e t  o f  
d o u b l e t s  a t  6 5 .7 9  (H-8)  c o l l a p s e d  t h e  b r o a d e n e d  d o u b l e t  a t  65 .59  
(H-9)  t o  a s i n g l e t .  On t h e  b a s i s  o f  c h e m ic a l  s h i f t  a r g u m e n t s ,  t h e  
d o u b l e t  o f  d o u b l e t s  a t  6 4 . 4 3  was a s s i g n e d  t o  a p r o t o n  on a l a c t o n i c  
c a r b o n ,  and t h e  d o u b l e t  o f  d o u b l e t  a t  65 .79  t o  a p r o t o n  on a c a rb o n  
c a r r y i n g  t h e  e s t e r  f u n c t i o n .  The *H NMR s p e c t r u m  s u g g e s t e d  t h e  
p r e s e n c e  o f  two o l e f i n i c  methy l  g r o u p s ,  which  a p p e a r e d  as  b r o a d e n e d  
t h r e e - p r o t o n  s i n g l e t s  a t  6 2 .0 0  (C-10-Me) and 1 . 9 8  (C-4-M e).  
S a t u r a t i o n s  o f  H-3 ( 6 5 . 5 4 )  and H-9 ( 6 5 . 5 9 )  s h a r p e n e d  t h e  r e s p e c t i v e  
C-4-Me and C-10-Me s i g n a l s  and t h u s  i n d i c a t e d  a l l y l i c  p o s i t i o n s  o f  H- 
3 and H-9 in  r e l a t i o n  t o  t h e  C-4-Me and C-10-Me,  r e s p e c t i v e l y .
On t h e  b a s i s  o f  t h e  c h e m ic a l  s h i f t  o f  H-5 ( 6 2 . 7 8 )  and i t s  
m u l t i p l i c i t y  ( d o u b l e t ,  4 s ,  0 = 1 2 .0  Hz) ,  as  w e l l  as  t h e  m u l t i p l i c i t y  o f  
H -6 ,  which a p p e a r e d  as  a d o u b l e t  o f  a d o u b l e t  w i t h  l a r g e  c o u p l i n g  
c o n s t a n t s  ( J ^  6 =12*° and 1^6 7 = 10*° H z)» a g u a i a n o l i d e - t y p e  s k e l e t o n  
f o r  t h e  new compound can be p o s t u l a t e d .  Us ing  t h e  above
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s p e c t r o s c o p i c  e v i d e n c e  one can f o r m u l a t e  t h i s  new l a c t o n e  as  a 1 2 , 6 a -  
t r a n s - 1 a c t o n i z e d  g u a i a n o l i d e  w i t h  an i s o b u t y r a t e  g roup  a t  C-8 and an 
OH group  a t  C - l .  The n e g a t i v e  c o t t o n  e f f e c t  a t  250 mm f u r t h e r  
s u p p o r t e d  t h e  p r e s e n c e  o f  a 1 2 , 6 a - t r a n s  l a c t o n e  s i n c e  G e i s s m a n ' s
co 1 7
r u l e  can be g e n e r a l l y  a p p l i e d  t o  g u a i a n o l i d e s  .
The c o n f i g u r a t i o n s  a t  C -5 ,  C-6 and C-8 c o u l d  be d e r i v e d  f rom t h e
*H NMR c o u p l i n g  c o n s t a n t s  which  were c o r r e l a t e d  w i t h  d i h e d r a l  a n g l e s
o b t a i n e d  from s t e r e o m o d e l s .  The l a r g e  c o u p l i n g s  J_g 6=1 2 .0  Hz and
Jig 7 = 1 0 .0  Hz c l e a r l y  i n d i c a t e d  a n t i p e r i p l a n a r  a r r a n g e m e n t s  o f  H-5,
H-6 and H-7.  A f t e r  an a - o r i e n t a t i o n  o f  H-7 as in  a l l  s e s q u i t e r p e n e
17l a c t o n e s  from h i g h e r  p l a n t s  was a s su m e d ,  i t  was c o n c lu d e d  t h a t  
H-5 i s  a  and H-6 g.  The sm a l l  c o u p l i n g  c o n s t a n t  8 =5*® was 1n 
a c c o r d  w i t h  a - o r i e n t a t i o n  o f  H-8,  t h a t  i s ,  a g - o r i e n t e d  i s o b u t y r a t e  
g roup  a t  C -8 .
The c o n f i g u r a t i o n  a t  C - l  i n  52 was d e t e r m i n e d  by in  s i t u
CO 1
a c y l a t i o n  o f  t h e  OH group  w i t h  t r i c h l o r o a c e t y l  i s o c y a n a t e  . The H 
NMR s p e c t r u m  o f  t h e  t r i c h i o r o a c e t y l c a r b a m a t e  d e r i v a t i v e  (5 3 )  showed 
one NH s i g n a l  a t  68 . 3 2 ; t h i s  r e s u l t  p r o v i d e d  f u r t h e r  e v i d e n c e  f o r  t h e  
p r e s e n c e  o f  an OH group  i n  compound 52 .  The p a r a m a g n e t i c  a c y l a t i o n  
s h i f t s  o f  H-5 from 6 2 .3 8  i n  52 t o  63.19  i n  53 ( a 6=0 . 8 1 , CgDg) c l e a r l y  
d e m o n s t r a t e d  a r e l a t i v e  c i s - c o n f i g u r a t i o n  o f  H-5 and t h e  OH group  a t  
C - l 5 2 . F u r t h e r  c o r r o b o r a t i o n  f o r  a C-la-OH was p r o v i d e d  by t h e  
d o w n f i e l d  s h i f t  o f  H-7 f rom 62 .76  i n  compound 52 t o  63.86  i n  t h e  
d e r i v a t i v e  53 ( a 6=1 . 1 0 , CgDg).  With H-5 and H-7 h a v in g  an 
a - o r i e n t a t i o n ,  a s  o u t l i n e d  b e f o r e ,  i t  can be c o n c l u d e d  from t h e  
p a r a m a g n e t i c  a c y l a t i o n  s h i f t s  o f  t h e s e  two p r o t o n s  t h a t  t h e  OH group  
a t  C - l  must  a l s o  be a - o r i e n t e d .
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8 - e p i - i s o b u t y r y l r u p i c o l i n  B ( 5 4 ) ,  i s  a gum which
e x h i b i t e d  i n  t h e  *H NMR s p e c t r u m  ( F i g u r e  2 - 4 )  two o n e - p r o t o n  d o u b l e t s
a t  6 6 .2 8  (H-13a)  and 5 .5 2  ( H -1 3 b ) ,  and a m u l t i p l e t  a t  63 .40  (H-7)
which  a r e  c h a r a c t e r i s t i c  o f  an a - m e t h y l e n e - y - l a c t o n e .  T h i s
c o n c l u s i o n  was c o r r o b o r a t e d  by an IR a b s o r p t i o n  a t  1765 cm"*.  A o n e -
p r o t o n  h e p t e t  a t  6 2 .4 6  and two t h r e e - p r o t o n  d o u b l e t s  a t  6 l»12  and
1 . 0 9 ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  peaks  a t  m/z_ 71 (A*) and 43 
2
(A ) i n d i c a t e d  t h e  p r e s e n c e  o f  an i s o b u t y r a t e  s i d e  c h a i n .
F u r t h e r m o r e ,  IR a b s o r p t i o n s  a t  3470 and 1150,  1725 and 1660 cm” *
s u g g e s t e d  t h e  p r e s e n c e  o f  t e r t i a r y  h y d r o x y l ( s ) ,  e s t e r ( s ) ,  and c a r b o n -  
c a r b o n  d o u b l e  b o n d ( s ) .
Compounds 52 and 54 showed ve ry  s i m i l a r  *H NMR s i g n a l s  f o r  H-3,
H-5,  H-6 , H-7,  H-13 and H-15 ,  and a g u a i a n o l i d e  s k e l e t o n  f o r  54 i s  
r e a s o n a b l e .  However ,  i n s t e a d  o f  t h e  C-10 methy l  s i n g l e t  a t  6 1 . 9 8  
i n  52 ,  i n  54 two b r o a d e n e d  o n e - p r o t o n  s i n g l e t s  a t  65 .18  (H-14a)  and 
4 . 9 6  (H-14b)  a p p e a r e d ;  t h e s e  r e s u l t s  s u g g e s t  an e x o c y c l i c  m e t h y le n e  
g roup  a t  C - 1 0 .  In a d d i t i o n ,  two H-9 p r o t o n s  were i n d i c a t e d  by two 
o n e - p r o t o n  d o u b l e t s  o f  d o u b l e t s  a t  6 3 .0 8  and 2 .3 7  w i t h  a l a r g e  
gemina l  c o u p l i n g  (J_ga gg= 15 .0  Hz) and a sm a l l  c o u p l i n g  t o  H- 8  ( J ^ }9 a
= i s , 9 b  = 2 , 5  Hz)*
F o l l o w i n g  t h e  same a rg u m e n t s  as  f o r  g u a i a n o l i d e  52 ,  t h e  l a r g e
c o u p l i n g  c o n s t a n t s  Jg  g = 1 1 .0  Hz and Jg  y = 9 .8  Hz in  compound 54 were
i n  a c c o r d  w i t h  a t r a n s - p s e u d o a x i a l  d i s p o s i t i o n  o f  t h e s e  p r o t o n s ,
a l l o w i n g  t h e  s t e r e o c h e m i c a l  a s s i g n m e n t s  H -5a  and H- 6 3  w i t h  r e f e r e n c e
t o  H - 7 a .  The sm a l l  c o u p l i n g  c o n s t a n t  Jy  8=2*^ **z ‘i n d i c a t e d  a
3 - o r i e n t a t i o n  o f  t h e  i s o - b u t y r a t e  s i d e - c h a i n  a t  C -8 .  The CD s p e c t r u m
o f  compound 54 e x h i b i t e d  a n e g a t i v e  C o t t o n  e f f e c t  a t  260 nm, which
Figure 2 -4 .  NMR spectrum of 8 -e p i- iso b u ty r y lr u p ico l in  B (54) .








a c c o r d i n g  t o  G e i s s m a n ' s  r u l e  s u p p o r t e d  t h e  p r e s e n c e  o f  a t r a n s ­
f u s e d  1 2 , 6 a  l a c t o n e .
The s t e r e o c h e m i s t r y  a t  C - l  i n  54 was e s t a b l i s h e d  by i n  s i t u  
a c y l a t i o n  w i t h  t r i c h l o r o a c e t y l  i s o c y a n a t e ^ .  The *H NMR s p e c t r u m  o f  
i t s  t r i c h l o r o a c e t y l c a r b a m a t e  d e r i v a t i v e  ( 5 5 ) showed one NH s i g n a l  a t  
68 . 55 , and p a r a m a g n e t i c  a c y l a t i o n  s h i f t s  f o r  H-5 ( a 6=0 . 65 , CgDg) and 
H-7 ( a 6=0 . 48 , CgDg),  which  i n d i c a t e d  an a - o r i e n t a t i o n  f o r  t h e  
t e r t i a r y  OH group  a t  C - l .
S u b c o r d a t o l i d e  A ( 5 6 ) ,  C^gH240g, was a gum w i t h  an *H NMR 
s p e c t r u m  ( F i g u r e  2 - 5 )  showing  s i g n a l s  t y p i c a l  f o r  an a -m e thy l  e n e - y -  
l a c t o n e  m o ie ty  [ tw o  o n e - p r o t o n  d o u b l e t s  a t  66 .24  (H-13b)  and 5 .5 6  
( H - 1 3 a ) ,  and a m u l t i p l e t  a t  6 3 . 5 0  ( H - 7 ) ] .  The IR s p e c t r u m  a l s o  
e x h i b i t e d  a c h a r a c t i s t i c  y - l a c t o n e  a b s o r p t i o n  a t  1760 cm"*.  O t h e r  IR
bands  i n d i c a t e d  t h e  p r e s e n c e  o f  h y d r o x y l  g r o u p s  (3580 and 3440 c m "* ) ,
l Me s t e r ( s )  (1725 cm ) ,  and c a r b o n - c a r b o n  u n s a t u r a t i o n ( s )  (1640 cm
The e s t e r  s i d e - c h a i n  was i d e n t i f i e d  a s  an i s o - b u t y r a t e  group on t h e
b a s i s  o f  d i a g n o s t i c  *H NMR s i g n a l s  (a o n e - p r o t o n  h e p t e t  a t  6 2 .4 4 ,  and
two t h r e e - p r o t o n  d o u b l e t s  a t  61 .0 7  and 1 . 0 4 ) ,  t o g e t h e r  w i t h  t y p i c a l
mass s p e c t r a l  p e a ks  a t  m/z_ 71 (A*) and 43 (A ^ ) .  A s s ig n m e n t s  of  t h e
*H NMR s i g n a l s  w ere  d e r i v e d  from d e t a i l e d  s p i n  d e c o u p l i n g
e x p e r i m e n t s ,  t h e  r e s u l t s  o f  which a r e  summarized  i n  T a b l e  2 - 1 .
A d i s t i n c t  f e a t u r e  o f  t h e  *H NMR s p e c t r u m  o f  compound 56 was t h e  
a p p e a r a n c e  o f  two o n e - p r o t o n  d o u b l e t s  a t  6 5 .9 3  (H-3)  and 5 . 5 7  (H-2)  
t h a t  were  shown by d o u b l e  i r r a d i a t i o n  t o  be c o u p l e d  on ly  w i t h  each  
o t h e r .  The m a g n i tu d e  o f  t h i s  c o u p l i n g  ( J^  3 = 5 .5  Hz) s u g g e s t e d  a 
d o u b l e  bond in  a f i v e  membered r i n g .  T h i s  f e a t u r e  t o g e t h e r  w i t h  t h e  
m u l t i p l i c i t i e s  o f  H-5,  H -6 ,  H-7 and H-8 s u g g e s t e d  a g u a i a n o l i d e  t y p e
32
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s k e l e t o n  r e p r e s e n t e d  by s t r u c t u r e s  56.
r v  r v
T h i s  s t r u c t u r a l  a r r a n g e m e n t  was f u r t h e r  s u p p o r t e d  by t h e  
p r e s e n c e  o f  two e x o c y c l i c  m e t h y le n e  g r o u p s ,  and a t e r t i a r y  methyl  
g roup  as  i n d i c a t e d  by NMR s i g n a l s  (T a b le  2 - 1 ) .  The c hem ica l  s h i f t  
o f  t h e  methy l  g roup  ( 6 1 . 3 3 )  was i n  a g r e e m e n t  w i th  a c a rb o n  b e a r i n g  an 
oxygen a t  C-4 o r  C-10 .  C om par i son  o f  t h e  *H NMR s p e c t r a  o f  56 w i t h  
54,  and t h e  m u l t i p l i c i t i e s  o f  H-2 ( d o u b l e t s )  s u g g e s t e d  t h a t  two 
h y d r o x y l  g roups  had t o  be p r e s e n t  a t  C - l  and C-4 .
The 13C NMR s p e c t r a l  d a t a  ( T a b le  2 - 2 )  c o r r o b o r a t e d  t h e  NMR 
a s s i g n m e n t s  f o r  compound 56. The a n a l y s i s  o f  t h e  s p e c t r u m  showed 
t h r e e  p r i m a r y ,  t h r e e  s e c o n d a r y ,  s e v e n  t e r t i a r y ,  and s i x  q u a t e r n a r y  
c a r b o n s ,  a c c o u n t i n g  f o r  19 c a rb o n  atoms i n  t h e  m o l e c u l e .  M oreove r ,  
t h e  p r e s e n c e  o f  two s i n g l e t s  a t  685 .7  ( C - l )  and 8 2 . 0  ( C - 4 ) ,  which 
c o r r e s p o n d  t o  q u a t e r n a r y  c a rb o n  atoms b e a r i n g  an OH g r o u p ,  p r o v i d e d  
f u r t h e r  c o n f i r m a t i o n  o f  t h e  p r e s e n c e  o f  two t e r t i a r y  hy d ro x y l  g ro u p s  
i n  s u b c o r d a t o l i d e  A.
A c e t y l a t i o n  o f  compound 56 w i t h  a c e t i c  a n h y d r i d e / 4 - d i m e t h y l -  
a m i n o p y r i d i n e 3^ gave t h e  d i a c e t a t e  57,  C23H3q0 q ,  which l a c k e d  t h e  OH 
a b s o r p t i o n s  in  t h e  IR s p e c t r u m ,  bu t  i n s t e a d  gave an a d d i t i o n a l  b road  
c a r b o n y l  band a t  1730 cm“ * ( s a t u r a t e d  e s t e r  g r o u p s ) .  The NMR 
s p e c t r u m  o f  57 showed two t h r e e - p r o t o n  s i n g l e t s  a t  62 .10  and 2 . 0 4  
i n d i c a t i n g  t h e  p r e s e n c e  o f  two a c e t a t e  g ro u p s  i n  t h e  m o l e c u l e  ( F i g u r e  
2 - 6 ) .  The p a r a m a g n e t i c  a c e t y l a t i o n  s h i f t s  o f  H-5 f rom 62 .44  in  
compound 56 t o  3 . 0 6  in  57 ,  and t h e  C-4-Me from 61 . 3 3  i n  56 t o  1 .6 1  i n  
t h e  d i a c e t a t e  p r o v i d e d  n o t  o n l y  f u r t h e r  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  
OH g r o u p s  a t  C - l  and C -4 ,  bu t  a l s o  a rg u m e n t s  f o r  p r o p o s i n g  p r o b a b l e  
c o n f i g u r a t i o n s  f o r  t h e s e  c e n t e r s .
Table 2 -1 . CDCU [benzene-dfi] NMR spectral data* of compounds 52. 54, 56 and 57.
w  v  « % »
52 54 56 57
H-2a 2.91 [2 .5 3 ] br d (17 .8)
2.66 [2 .2 6 ] m 5.57 [5 .5 4 ] d (5 .5 ) 6.34 d (5 .5 )
H-2b 2.49 [2 .0 7 ] br d (17 .8)
H-3 5 .51-5 .57*  [6 .1 8 -6 .2 4 ]* 5 .50-5 .58*  [ 5 .19]+ 5.93 [5 .9 1 ]  d (5 .5 ) 6.73 d (5 .5 )
H-5 2.78 [2 .3 8 ]  br d (12 .0) 2.79 [2 .4 1 ] b r d (11 .0) 2.44 [2 .6 4 ] d (11.2) 3.06 d (11.2)
H-6 4.43 [4 .3 4 ]  dd (1 2 ,0 ,1 0 .0 ) 4.38 [4 .4 4 ] dd (U .O ;9.J3) 4.62 [4 .7 4 -4 .7 6 ] dd ( l l .2 ; 9 .0 ) 4.73 dd (1 1 .2 ;9 .0 )
H-7 3.38 [2 .7 6 ] dddd (1 0 .0 ;3 .0 ;3 .8 ;3 .5 ) 3.40 [2 .9 6 ] dddd (9 .8 ;2 .5 ;3 .8 ;3 .4 ) 3.50 [3 .5 1 ] n 3.39 n
H-8 5.79 [5 .6 1 ]  dd (7 .0 ;3 .0 ) 5.52-5.58* [5 .2 9 ] d t (4 .8 ;2 .5 ) 5.49 [5 .4 5 ] ft 5.49 ■
H-9a 3.08 [2 .8 0 ] dd (1 5 .0 ;5 .0 ) 3.13 [3 .2 4 ] dd (1 4 .5 ;4 .0 ) 2.58 dd (1 4 .5 ;2 .5 )
5.59 [5 .4 6 ] b r d (7 .0 )
H-9b 2.37 [2 .1 7 ]  dd (1 5 .0 ;5 .0 ) 2.36 [2 .3 8 ] dd (1 4 .5 ;2 .5 ) 2.41 dd (1 4 .5 ;4 .0 )
H-13a 6.30 [6 .2 0 ] d (3 .8 ) 6.28 [6 .2 0 ] d (3 .8 ) 6.24 [6 .2 4 ] d (3 .5 ) 6.35 d (3 .3 )
H-13b 5.54 [5 .1 4 ] d (3 .5 ) 5.52 [5 .1 3 ] d (3 .4 ) 5.56 [5 .1 2 ] d (3 .5 ) 5.64 d (3 .3 )
H-14a 5.18 br s [4 .9 4 ] br d (1 .3 ) 4.83 [4 .7 5 ] b r s 5.01 br s
1.98 [1 .7 5 ] b r s (3H)
H-14b 4.96 [4 .7 2 ] b r  S 4.81 [4 .75]*  b r  S 4.99 b r s
C-4-Me 2.00 [1 .9 3 ] br s 1.89 [1 .8 4 ] br s 1.33 [1 .4 0 ] b r s 1.61 b r s
OiBu 2.47 [2 .1 4 ]  h (7 .2 ) 2.46 [2 .1 7 ] h (7 .2 ) 2.44 [2 .2 2 ] h (7 .2 ) 2.55 h (7 .0 )
1 .09 /1 .06  [0 .9 4 /0 .8 6 ]  d (7 .2 ) 1 .12 /1 .09  [0 .9 4 /0 .8 9 ] (7 .2 ) 1 .07 /1 .04  [0 .9 5 /0 .9 3 ] d (7 .2 ) 1.12 d /1 .1 0  d (7 .0 )
OAc 2.10 s ; 2.04 s
CTeatrjr
Obscured by o th e r  s ig n a l s .  ^Narrow m u l t ip le t .
35





C-l 85.7 sd 69.4 d
C-2 140.2 da 38.2 t
C-3 134.6 da 29.4 t
C-4 82.0 sd 144.4 s
C-5 66.5 db 121.8  d
C-6 67.3 db 70.9 d
C-7 46.2 d 47.0 d
C-8 76.8 d 74.5 d
C-9 35.8 t 120.0  d
C-10 135.0 s 144.1 s
C -ll 144.0 s 136.3 s
C-12 176.0 s 169.7 s
C-l 3 122.1 t 121.6  t
C-14 116.8 t 17.5 q
C-15 23.9 q 16.5 q
C- 1' 169.7 s 176.0 s
C- 2' 34.0 d 34.1 d
C- 3' 19.0 qc
18.9 q
C- 4' 18.8 qc
*Run in CDCI3 at 50.32 MHz at ambient temperature. Chemical s h i f t s  are 
given 1n ppm ( 6 ) r e la t iv e  to TMS as determined by proton noise  
decoupling. Peak m u lt ip l ic i ty  was obtained by heteronuclear multipulse  
experiments (DEPT and INEPT pulse sequences).
a"dAssignments interchangeable.
The s t e r e o c h e m i s t r y  a t  C-5 ,  C - 6 , and C- 8  was deduced  from t h e
1
o b s e r v e d  c o u p l i n g  c o n s t a n t s  i n  t h e  H NMR s p e c t r u m  o f  56.  S i n c e  on
1 7b i o g e n e t i c  g rounds  i t  i s  known t h a t  H-7 i s  a - o r i e n t e d ,  t h e  o b s e r v e d  
v a l u e  f o r  6 =^ * ^  ^z n e c e s s i t a t e d  an a - o r i e n t a t i o n  f o r  H-5 and a 
g - o r i e n t a t i o n  f o r  H-6 . S i m i l a r l y ,  f rom t h e  smal l  c o u p l i n g  J 7 g an 
a - o r i e n t a t i o n  f o r  H- 8  and t h e r e f o r e  a g - c o n f i g u r a t i o n  f o r  i s o b u t y r a t e  
s i  d e - c h a i n  a t  C- 8  was c o n c l u d e d .
The c o n f i g u r a t i o n  o f  C - l  was d e r i v e d  f rom c o m p a r i s o n  o f  t h e  *H 
NMR s p e c t r a  o f  56 w i t h  52 and 54,  and D r e i d i n g  model c o n s i d e r a t i o n s .  
The a p p e a r a n c e  o f  t h e  l a c t o n i c  H- 6  i n  compound 56 a t  t h e  u s u a l  
c h e m ic a l  s h i f t  p o s i t i o n  f o r  t h i s  t y p e  o f  p r o t o n  ( 6 4 . 6 2 )  and t h e  
a b s e n c e  o f  a p a r a m a g n e t i c  a c e t y l a t i o n  s h i f t  f o r  H- 6  i n  t h e  
d i a c e t a t e  57 were  a c l e a r  i n d i c a t i o n  f o r  t h e  a - o r i e n t a t i o n  o f  t h e  OH
rs . /N
g roup  a t  C - l .  F u r t h e r  c o n f i r m a t i o n  o f  t h i s  s t e r e o c h e m i s t r y  was g iv en  
by t h e  d o w n f i e l d  s h i f t  o f  H -5a  i n  57,  which a l s o  i n d i c a t e d  a r e l a t i v e  
c i s - c o n f i g u r a t i o n  o f  H-5 and t h e  OH group a t  C - l .
On t h e  b a s i s  of  s t e r e o  model c o n s i d e r a t i o n s  and by c o m p a r i s o n  of  
t h e  c he m ica l  s h i f t s  o f  H -5a ,  H-6 g and t h e  C-4-Me group  in  
s u b c o r d a t o l i d e  A and i t s  d i a c e t a t e  d e r i v a t i v e  57 ,  w i t h  t h e  
c o r r e s p o n d i n g  c he m ic a l  s h i f t s  o f  s i m i l a r  g u a i a n o l i d e s  f rom 
A t h a n a s i a ^  and U r s i n i a  s p e c i e s ^ ’ ^ ,  a g - o r i e n t a t i o n  f o r  t h e  OH 
group  a t  C-4 as  t h e  most  p r o b a b l e  c o n f i g u r a t i o n  a t  t h i s  c e n t e r  i s  
t e n t a t i v e l y  s u g g e s t e d .
S u b c o r d a t o l i d e  B ( 5 8 ) ,  C1 5 H1 8 0 4  was a c o l o r l e s s  c r y s t a l l i n e  
compound (mp 1 8 8 . 5 - 1 8 9 . 0  °C) i n  which t h e  p r e s e n c e  o f  an a - m e t h y l e n e -  
Y - l a c t o n e  was c l e a r l y  i n d i c a t e d  in  i t s  *H NMR s p e c t r u m  ( F i g u r e  2 - 7 )  
by t h e  p r e s e n c e  o f  two d o u b l e t s  a t  6 6 . 1 3  (H-13a)  and 5 .4 9  (H-13b)
37
c o u p l e d  w i t h  a o n e - p r o t o n  m u l t i p l e t  a t  6 2 . 4 6  ( H - 7 ) .  The 6- l a c t o n e
was f u r t h e r  c o r r o b o r a t e d  by a s t r o n g  IR band a t  1770 cm"*.
1
The p r e s e n c e  o f  two o n e - p r o t o n  d o u b l e t s  i n  t h e  H NMR s p e c t r u m  
o f  58 a t  6 6 . 6 6  (H-3)  and 5 .9 0  (H-2)  c o u p l e d  on ly  w i t h  each  o t h e r  
(J2  3 = 1 0  Hz) ,  t o g e t h e r  w i t h  a s t r o n g  IR band a t  1680 cm"* s u g g e s t e d  
t h e  p r e s e n c e  o f  a c y c l o h e x a n o n e  m o ie ty  in  s u b c o r d a t o l i d e  B. IR 
a b s o r p t i o n  bands  a t  3595 and 1115 cm"* were  in  a c c o r d  w i t h  t h e  
p r e s e n c e  o f  a t e r t i a r y  OH group i n  58.  F u r t h e r  *H NMR a s s i g n m e n t s  o f  
t h e  b a s i c  s k e l e t o n  o f  s u b c o r d a t o l i d e  B were de duced  from e x t e n s i v e  
d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  i n  Tab le  
2 - 3 .
The p r e s e n c e  o f  two t h r e e - p r o t o n  s i n g l e t s  a t  6 1 .2 2  (H-14)  and 
1 .4 0  (H-15)  c o r r e s p o n d e d  t o  an a n g u l a r  methy l  g roup  and a methyl  on a 
c a r b o n  b e a r i n g  an OH g r o u p ,  r e s p e c t i v e l y .  T h i s  s t r o n g l y  s u g g e s t e d  an 
e u d e s m a n o l i d e - t y p e  s k e l e t o n  w i t h  a OH group  a t  C - 4 .  On t h e  b a s i s  of  
t h e  m u l t i p l i c i t i e s  o f  H-5 ( d o u b l e t  o f  d o u b l e t s )  and t h e  l a c t o n i c  
p r o t o n  ( d o u b l e t  o f  d o u b l e t  o f  d o u b l e t s ) ,  s u b c o r d a t o l i d e  B (5 8 )  can be 
f o r m u l a t e d  as a 7 , 8 - l a c t o n e  s i n c e  t h e  s p i n  d e c o u p l i n g  e x p e r i m e n t s  
c l e a r l y  showed t h a t  t h e  c a r b o n s  b e a r i n g  H-5 and H- 8  were bo th  l i n k e d  
t o  m e t h y le n e  g r o u p s .  The l a r g e  v a l u e  o f  t h e  c o u p l i n g  c o n s t a n t  
g=12 Hz i n d i c a t e d  an a n t i  p e r i  p l a n a r  a r r a n g e m e n t  o f  t h e s e  two 
p r o t o n s  a n d ,  t h e r e f o r e ,  a t r a n s - f u s i o n  o f  t h e  C - 7 / C - 8  l a c t o n e .
On t h e  b a s i s  o f  t h e  above  s p e c t r a l  e v i d e n c e s  t h e  s t e r e o -  
s t r u c t u r e  shown in  58 can be f o r m u l a t e d  f o r  s u b c o r d a t o l i d e  B. The 
s t r u c t u r a l  and s t e r e o c h e m i c a l  a s s i g n m e n t s  were c o r r o b o r a t e d  by s i n g l e  
c r y s t a l  X - ray  d i f f r a c t i o n  a n a l y s i s .  The m o l e c u l a r  s t r u c t u r e  o f  
s u b c o r d a t o l i d e  B d e t e r m i n e d  by X - ray  d i f f r a c t i o n ,  i s  i l l u s t r a t e d  in
38
F i g u r e  2 - 7 .
The mass s p e c t r u m  o f  s u b c o r d a t o l i d e  B (58 )  gave a p a r e n t  peak a t
m/z_ 262 ,  a b a s e  peak a t  _m/z_ 98 ,  and o t h e r  i n t e n s e  pe a ks  a t  _rn/z_ 149,
55 and 43 .  These  mass s p e c t r a l  peaks  can be a s s i g n e d  a f r a g m e n t a t i o n
2
p a t t e r n  shown in  Scheme 2 - 2 ,  i n  which  t h e  base  peak a t  m/z_ 98 (B ) i s  
formed from 58 by a r e t r o - D i e l s - A l d e r  p r o c e s s .
04
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Figure 2 -7 .  Molecular s tructure  of subcordatolide B (5 8 ) .
S u b c o r d a t o l i d e  C ( 5 9 ) ,  C^g l^gO^ ,  was a c r y s t a l l i n e  compound [mp
196-197°C ( d e c . ) ] ,  w i t h  an IR s p e c t r u m  showing t h e  p r e s e n c e  o f  a
hy d ro x y l  group  (3510 c m " * ) ,  a y - 1 a c t o n e  (1765 cm"*)» and a s a t u r a t e d  
*1
e s t e r  (1730 cm ) .  The a - m e t h y l e n e - y - l a c t o n e  m o ie ty  was c o r r o b o r a t e d  
by t h e  NMR s p e c t r u m  o f  59 ( F i g u r e  2 - 9 )  which  e x h i b i t e d  two o n e -  
p r o t o n  d o u b l e t s  a t  6 6 . 1 8  (H-13a)  and 5 .51  (H-13b)  c o u p l e d  w i t h  a 
b r o a d e n e d  d o u b l e t  o f  d o u b l e t s  a t  <S 2 .9 7  ( H - 7 ) .  As i n  t h e  c a s e  o f  t h e  
p r e v i o u s  compounds ,  t h e  e s t e r  s i d e  c h a i n  was a s s i g n e d  an i s o b u t y r a t e









5 8 ,  m/z  2 6 2 ( 1 1 . 5 ) B1, m /z  2 4 7  (11.0)
HO*
B \  m / z  9 8  (10 0 . 0 ) B , m/z 1 4 9 ( 3 0 . 0 )
4,m /z  5 5 ( 3 0 . 5 )  § 5» m /z  4 3 ( 2 3 . 9 )
Scheme 2 -2 .  Mass sp ectra l fragmentation o f  subcordatolide B (5 8 ) .
group on the b a s is  o f  typ ica l NMR s ig n a ls ,  together  with the
1 ?d ia g n o st ic  mass spectra l peaks at m/z_71 (A ) and 43 (A ) .
Assignments o f the NMR s ig n a ls  o f  59, were derived from spin  
decoupling experim ents, as shown in Table 2 -3 .
On the b as is  of the same arguments used for subcordatolide  
B (5 8 ) ,  the structure  o f  subcordatolide C (59) was a lso  formulated as 
a 7 ,8 - la c to n iz e d  eudesmanolide. However, unlike the co-occuring  
subcordatol ide B (5 8 ) ,  the smaller coupling c o n s t a n t ^  q=5.8 Hz 
in d ica ted  th at the a-m ethylene-y-1actone moiety was probably c i s -  
fused to the eudesmane sk e le to n .  The CD spectrum of £9 showed a 
negative  band a t 255 nm, in d ic a t iv e  o f  a negative Cotton e f f e c t  of  
the n ->• tt* tr a n s i t io n  o f the a-methyl ene-y -1  actone r in g , thus further  
supporting the presence o f  a 1 2 , 8 B -lacton e .^4
The molecular structure  o f  subcordatolide C (5 9 ) ,  obtained by 
s in g le  cry sta l  X-ray d i f fr a c t io n  a n a ly s is ,  i s  shown in Figure 2 - 9 .  
The X-ray data corroborated the above spectroscop ic  co n c lu s io n s ,  and 
unambiguously confirmed the basic  sk e le ta l  arrangement and 
stereochem istry  of a l l  ch iral c en te rs .
Figure 2-9 . X-ray structure of subcordatolide C (59).
1 4
Figure 2 -10 . ^  NMR spectrum of subcordatolide C (59)
OH
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Table 2 -3 .  NMR sp ectra l data* o f  subcordatolides B (58) and
C (5 9 ) .
58 59
H-l 3.43 dd (12 .0 ; 5 .0 )
H-2a
H-Zb





(13 .0 ; 5 .0 ; 5 .0 ;
H-3a
H-3b





(14 .0 ; 5 .0 ; 3 .0 ) 
(14 .0 ; 14 .0 ; 5 .0 )
H-5 2.23 dd (1 2 .0 ;3 .0 ) 2 .18 d (12.3)
H-6a
H-6b
2.50 ddd (1 3 .0 ;3 .0 ;3 .0 )  
1.58 m
|  5.18 dd (12 .3 ; 10 .0)
H-7 2.46 m 2.97 br dd (10 .0 ; 5 .8)
H-8 3.94 ddd (1 2 .0 ;1 2 .0 ;3 .6 ) 4.64 ddd (5 .8 ; 5 .8 ; 2 .0 )
H-9a 2.51 dd (1 2 .0 .3 .6 ) 2.68 dd (16 .8 ; 2 .0 )
H-9b 1.77 dd (1 2 .0 ;1 2 .0 ) 1.57 dd (16 .8 ; 5 .8 )
H-l 3a 6.13 d (3 .2 ) 6.18 d (1 .5 )
H-13b 5.49 d (3 .0 ) 5.51 d (1 .3 )
H-14 1.22 s 0.90 br s
H-l 5a 4 .86 br s
H-15b
1.40 s 4.53 br s
H-Z' 2.51 h (7 .5 )
H- 3 '. 4' 1 .1 4 /1 .1 2  d (7 .5 )
•The spectrum  was ob tained  a t  ZOO MHz In CDClj. Chemical s h i f t s  are  recorded 
in ppm r e la t iv e  to  TMS. M u ltip le ts  a re  given by th e  usual symbols: s» s in g le t,  
d*doublet, h*heptet, m -m u ltip le t, and br«broadened. Coupling co n stan t (JJ o r 
l in e  se p a ra tio n s  in  Hz a re  given in p a ren th eses .
S u b c o r d a t o l i d e  D ( 6 0 ) ,  C^gHggO^ was a c r y s t a l l i n e  s o l i d  (mp
246°C) w i t h  an IR s p e c t r u m  showing  t h e  p r e s e n c e  of  h y d r o x y l ( s )  (3600
and 3555 cm- * ) ,  a s a t u r a t e d  e s t e r  (1730 cm- * ) ,  and d o u b l e  bonds (1660
and 1605 cm- * ) .  The a - m e t h y l e n e - y - 1 a c t o n e  m o ie ty  was f u r t h e r
c o r r o b o r a t e d  by t h e  *H NMR s p e c t r u m  o f  60 which  e x h i b i t e d  two o n e -
p r o t o n  d o u b l e t s  a t  6 6 . 2 6  (H-13a)  and 5 . 5 8  ( H - 1 3 b ) ,  and a o n e - p r o t o n
m u l t i p l e t  a t  6 3 . 5 3  (H-7)  ( F i g u r e  2 - 1 1 ) .  The e s t e r  s u b s t i t u e n t  was
a s s i g n e d  t o  be an i s o b u t y r a t e  group on t h e  b a s i s  o f  t h e  t y p i c a l  *H
NMR s i g n a l s  (a o n e - p r o t o n  h e p t e t  a t  6 2 . 5 5 ,  and two t h r e e - p r o t o n
d o u b l e t s  a t  6 1 . 1 8  and 1 . 1 6 ) ,  t o g e t h e r  w i t h  mass s p e c t r a l  p e a ks  a t  
1 2m/z_ 71 (A ) and 43 (A ) .  D e t a i l e d  s p i n  d e c o u p l i n g  e x p e r i m e n t s  i n  
CDC13 and a c e t o n e - d g  a l l o w e d  t h e  a s s i g n m e n t  o f  t h e  b a s i c  s k e l e t o n  
s i g n a l s ;  t h e  r e s u l t s  a r e  summarized  i n  T a b l e  2 - 4 .
I r r a d i a t i o n  a t  t h e  r e s o n a n t  f r e q u e n c y  o f  e i t h e r  o f  t h e  two H-13 
p r o t o n s  cha nged  t h e  m u l t i p l e t  a t  6 3 .5 3  ( H - 7 ) .  Double  i r r a d i a t i o n  a t  
6 3 . 5 3  (H-7)  c o l l a p s e d  t h e  H-13a ( 6  6 . 2 6 )  and H-13b ( 6  5 . 5 8 )  d o u b l e t s  
t o  s i n g l e t s ,  s i m p l i f i e d  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 5 .37  t o  a 
d o u b l e t ,  and a l s o  r e d u c e d  t h e  t r i p l e t  a t  6 5 . 2 7  t o  a d o u b l e t .  On t h e  
b a s i s  o f  c h e m i c a l  s h i f t  a r g u m e n t s ,  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 5 .3 7  
was a s s i g n e d  t o  t h e  p r o t o n  on a c a rb o n  c a r r y i n g  t h e  i s o b u t y r a t e  s i d e  
c h a i n ,  and t h e  t r i p l e t  a t  6 5 .2 7  t o  t h e  p r o t o n  on t h e  l a c t o n i c  
c a r b o n .  Double i r r a d i a t i o n  a t  6 5 . 3 7  c o l l a p s e d  t h e  b r o a d e n e d  d o u b l e t  
a t  6 4 . 9 2  t o  a b ro ad  s i n g l e t ,  w h i l e  s p i n  d e c o u p l i n g  a t  6 5 .2 7  
c o l l a p s e d  t h e  b r o a d e n e d  d o u b l e t  a t  6 4 . 9 8  a l s o  t o  a b r o a d  s i n g l e t .  
T h i s  b r o a d e n i n g  was shown t o  be due t o  a l l y l i c  c o u p l i n g  s i n c e  s p i n  
d e c o u p l i n g  a t  6 4 . 9 8  s h a r p e n e d  t h e  b ro ad  o l e f i n i c  methyl  s i n g l e t  a t  
6 1 . 7 2 ,  w h i l e  i r r a d i a t i o n  a t  6 4 . 9 2  c o l l a p s e d  t h e  o l e f i n i c  methy l
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Figure 2-11. NMR spectrum o f su b cordato llde  0 (60).
HO.
O i B u
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Figure 2-12. NMR spectrum of su b co rd a to lid e  D (60 ).
DEPT
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d o u b l e t  a t  6 1 .81  t o  a s i n g l e t .  The b r o a d e n e d  d o u b l e t  a t  <5 4 . 4 2 ,
which on t h e  b a s i s  o f  c h e m ic a l  s h i f t  a rg u m e n ts  c o r r e s p o n d s  t o  a
p r o t o n  on a c a rb o n  b e a r i n g  a hy d ro x y l  g r o u p ,  was t e n t a t i v e l y  a s s i g n e d
t o  H- l  ( o r  H-3)  b e c a u s e  d o u b l e  i r r a d i a t i o n  a t  i t s  f r e q u e n c y
s i m p l i f i e d  o n ly  t h e  o n e - p r o t o n  m u l t i p l e t s  a t  6 2 . 2 8  and in  t h e  r e g i o n
6 1 . 7 0 - 1 . 8 5 ,  which c o r r e s p o n d  t o  p r o t o n s  on a s a t u r a t e d  c a r b o n .
F u r t h e r m o r e ,  s p i n  d e c o u p l i n g  a t  6 1 . 7 0  s h a r p e n e d  t h e  o l e f i n i c  d o u b l e t
a t  6 4 . 9 8  and t h e  b r o a d e n e d  d o u b l e t  a t  6 4 . 4 2 ;  s u g g e s t s  an a l l y l i c
p o s i t i o n  f o r  t h e  p r o t o n  on t h e  O H -b e a r in g  c a r b o n .
1 ^D e t a i l e d  C NMR s t u d i e s  i n v o l v i n g  p r o t o n  n o i s e - d e c o u p l i n g ,
s i n g l e  f r e q u e n c y  o f f - r e s o n a n c e  d e c o u p l i n g ,  and h e t e r o n u c l e a r
m u l t i p u l s e  e x p e r i m e n t s  (DEPT and INEPT),  c o r r o b o r a t e d  t h e  ^H NMR
1 3a s s i g n m e n t s ,  and a r e  summarized  in  T a b l e  2 - 2 .  A n a l y s i s  o f  t h e  C 
NMR s p e c t r u m  ( F i g u r e  2 - 1 2 )  showed 5 q u a t e r n a r y ,  7 t e r t i a r y ,  3 
s e c o n d a r y ,  and 4 p r i m a r y  c a rb o n  atoms and a c c o u n t e d  f o r  19 c a rb o n  
atoms i n  t h e  m o l e c u l e .  A d o u b l e t  a t  6 6 9 . 4 ,  f u r t h e r  s u p p o r t e d  a 
c a r b o n  b e a r i n g  a hy d ro x y l  group ( C - l ) .
In s i t u  a c y l a t i o n  o f  s u b c o r d a t o l i d e  D (60 )  w i t h  t r i c h i o r o a c e t y l
cn
i s o c y a n a t e  y i e l d e d  t h e  t r i c h i o r o a c e t y l c a r b a m a t e  d e r i v a t i v e  61 .
S p in  d e c o u p l i n g  e x p e r i m e n t s  a l l o w e d  t h e  a s s i g n m e n t  o f  t h e  ^H NMR 
s i g n a l s  o f  61 t h a t  a r e  shown in  T a b l e  2 - 4 .  The p r e s e n c e  o f  a 
s e c o n d a r y  hyd roxy l  g roup  a t  C - l  ( o r  C-3 )  was a g a i n  s u g g e s t e d  by t h e  
p a r a m a g n e t i c  a c y l a t i o n  s h i f t  o f  H - l  f rom  6 4 . 4 2  in  60 t o  6 5 .5 0  
i n  61 ( A6 = 1 . 0 8  ppm).
S i n g l e  c r y s t a l  X-ray  d i f f r a c t i o n  a n a l y s i s  o f  s u b c o r d a t o l i d e  
D (60 )  w i t h  a E n r a f - N o n i u s  CAD4 d i f f r a c t o m e t e r  e q u i p p e d  w i t h  MoKa 
r a d i a t i o n  r e s u l t e d  i n  t h e  s t r u c t u r e  shown i n  F i g u r e  2 - 1 3 .  The
p r e s e n c e  of  a c y c l o d e c a d i e n e  r i n g  w i t h  one t r a n s -  and one c i s - d o u b l e  
bond was e v i d e n t .  F u r t h e r m o r e ,  a c i s - l a c t o n e  t o g e t h e r  w i t h  an OH 
group  i n  a l l y l i c  p o s i t i o n  t o  t h e  c i s - d o u b l e  bond was found  in  t h e  X- 
ray  a n a l y s i s .  U n f o r t u n a t e l y ,  due  t o  t h e  m o l e c u l a r  symmetry 
o f  60 ,  t h e
X-ray  r e s u l t s  p r o v i d e d  o n l y  a r e l a t i v e  s t e r e o c h e m i s t r y  f o r  
s u b c o r d a t o l i d e  D, and t h e r e f o r e  t h e  m o l e c u l e  c o u l d  be r e p r e s e n t e d  
e i t h e r  as  a 1 2 , 8 0 - l a c t o n e ) , (60)  o r  i n  a h e l i a n g o l i d e  c o n f i g u r a t i o n  





The CD s p e c t r u m  o f  60 e x h i b i t e d  a n e g a t i v e  C o t t o n  e f f e c t  a t  262 
nm f o r  t h e  n ■> ir* t r a n s i t i o n  o f  t h e  l a c t o n e  c a r b o n y l ,  which a c c o r d i n g  
t o  G e i s s m a n ' s  r u l e 5̂  s u g g e s t e d  a c i s - f u s e d  - 7 , 8 - l a c t o n e ,  r e p r e s e n t e d  
by s t r u c t u r e  60.
The p - b r o m o b e n z o a t e  d e r i v a t i v e  (62 )  o f  s u b c o r d a t o l i d e  D ( 6 0 )  was 
p r e p a r e d  i n  o r d e r  t o  d e t e r m i n e  t h e  a b s o l u t e  s t e r e o c h e m i s t r y .  
U n f o r t u n a t e l y ,  i n  s p i t e  o f  o b t a i n i n g  a c r y s t a l l i n e  compound (mp 
1 7 2 °C ) ,  t h e  c r y s t a l s  were  n o t  s u i t a b l e  f o r  X- ray  d i f f r a c t i o n  
a n a l y s i s .  The a s s i g n m e n t  o f  t h e  *H NMR s i g n a l s  o f  62 ,  as  d e t e r m i n e d















F i g u r e  2 - 1 4 .  X- ray  s t r u c t u r e  o f  s u b c o r d a t o l i d e  D (60 )  w i t h  Mo Ka 
r a d i a t i o n
OH.
Figure 2-15 . S tereo sco p ic  rep resen tation  o f  the subcordatolide  
D (60) m olecule .
by d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s ,  a r e  g i v e n  in  T a b le  2 - 4 ,  and t h e  *H 
NMR s p e c t r u m  i s  shown i n  F i g u r e  2 - 1 3 .
A f t e r  t h e  f a i l u r e  t o  d e t e r m i n e  t h e  X-ray s t r u c t u r e  o f  t h e  
p - b r o m o b e n z o a t e  d e r i v a t i v e  ( 6 2 ) ,  t h e  d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  
c o n f i g u r a t i o n  of  60 was a t t e m p t e d  by means o f  t h e  anomalous  
s c a t t e r i n g  o f  oxygen and c a rb o n  w i t h  CuKot r a d i a t i o n .  T h i s  a t t e m p t  
was s u c c e s s f u l  and t h e  m o l e c u l a r  s t r u c t u r e  f o r  s u b c o r d a t o l i d e  D i s  
shown in  F i g u r e  2 - 1 5 ,  which c o n f i r m e d  t h a t  t h e  a b s o l u t e  c o n f i g u r a t i o n  
i s  r e p r e s e n t e d  by s t e r e o - s t r u c t u r e  60 .
S u b c o r d a t o l  i d e  E ( 6 3 )  C ^ g ^ g O ^ ,  d i s p l a y e d  i n  t h e  NMR s p e c t r u m  
( F i g u r e  2 - 1 6 )  two o n e - p r o t o n  d o u b l e t s  a t  5 6 . 0 9  (H-13a)  and 5 .4 6  
( H - 1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 2 .41  (H-7)  t h a t  a r e  
c h a r a c t e r i s t i c  o f  a , g - u n s a t u r a t e d - y - l a c t o n e s .  I t s  IR s p e c t r u m  had an 
a b s o r p t i o n  band a t  1765 cm"*,  c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a 
Y - l a c t o n e  m o i e t y ,  and a l s o  showed a s e c o n d  c a r b o n y l  band a t  1725 cm"'*' 
i n d i c a t i n g  an e s t e r  s i d e  c h a i n .  The n a t u r e  o f  t h e  e s t e r  s i d e  c h a i n  
was e v i d e n t  f rom t h e  NMR and MS d a t a ,  which i n d i c a t e d  an 
i s o b u t y r a t e  e s t e r .
A s s i g n m e n t s  o f  t h e  NMR s i g n a l s  o f  63 were  de duc ed  from 
d e t a i l e d  s p i n  d e c o u p l i n g  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  shown i n  T a b l e
2 - 4 .  On t h e  b a s i s  of  t h e  *H NMR d a t a ,  t o g e t h e r  w i t h  t h e  IR and mass 
s p e c t r a l  e v i d e n c e ,  t h e  s t r u c t u r e  o f  s u b c o r d a t o l i d e  E (63 )  can be 
f o r m u l a t e d  as  a 7 , 8 - l a c t o n i z e d  e u d e s m a n o l i d e  w i t h  an i s o b u t y r a t e  
group  a t  C - l .
The l a r g e  c o u p l i n g  c o n s t a n t  g = 1 1 .0  Hz s u g g e s t e d  an 
a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  H-7 and H-8,  and on t h e  b a s i s  o f  t h e  
b i o g e n e t i c  a s s u m p t i o n  t h a t  H-7 i s  a - o r i e n t e d  as  i n  a l l  s e s q u i t e r p e n e
Figure 2-16 . NMR spectrum o f subcordatolide E (63)
OiBu
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Table 2-4. CDCU [benzene-dfi] NMR spectral data* of compounds 60, 61. 62 and 63.
j  v  't**
60 61 62 63
H-l 4.42 [4.48] br d (10.0) 5.50 br d (10.0) 5.62 br d 4.72 br d ,(4 .0 )
H-2a 2.09 [1 .90-2 .10] m 2.26 m 2.20-2.40 m' 2.46-2.601
H-2b 1.70-1.85 [1 .66-1 .75] m 1.89 m 1.85-2,00 m' 2 .2 5 -2 .36T
H-3 2.25 [2 .10-2.40] m (2H) 2.30 m 2.20-2.40 m* 5.29 br
H-5 4.92 [4.87] br d [10.1) 5.05 br d (10.3) 5.01 br d (10.3) ♦ tH-6a 2.45-2.65i
5.37 [5.51] dd (10 .1;9 .2) 5.55 dd (10 ,3:9 .0) h 5.80 dd (10.3;9.0)
1.95-2.20tH-6b
H-7 3.53 [3.64] dddd (1 0 .0 ;9 .2 ;3 .5 ;3 .2 ) 3.58 m 3.61 m 2.41 m
H-8 5.27 [5.29] t  (10.0) 5.27 t  (10.0) 5.30 t  (10.0) 4.07 ddd (11.0;11.0;4.5)
H-9a ■ 1.88 dd (11.0;4.5)
4.98 [5.18] br d (10.0) - 5.10 br d (10.0) 5.13 br d (10.0)
H-9b 1.76 br d (11.0)
H-13a 6.26 [6.10] d (3.5) 6.27 d (3.5) 6.26 d (3.5) 6.09 d (3.0)
H-13b 5.58 [5.56] d (3.2) 5.58 d (3.2) 5.59 d (3.2) 5.46 d (3.0)
H-14 1.70 [1.70] br s 1.74 br s 1.77 d (1.8) 0.94 s
H-15 1.82 [1.81] d (1.2) 1.86  d (1.8) 1.86 d (1.5) 1.75 br
0 iBu 2.55 [2 .53] h (7.0) 2.58 h (7.0) 2.58 h (7.0) t
1 .18/1 .16 [1 .16 /1 .13] (7.0) 1.19/1.17 d (7.0) 1.19/1.18 d (7.0) 1.19/1.16 d (7.0)
OR 7.86 d (9.0)
7.57 d (9.0)
♦Spectra were run at ambient temperatures at 200 MHz and TMS was used as internal standard.
Chemical s h i f t s  are in ppm (6) and figures in parentheses are coupling constants or l in e  separations 1n hertz.
fObscured by other s ignals .
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l a c t o n e s  i s o l a t e d  so f a r  f rom h i g h e r  p l a n t s  , i t  was c o n c lu d e d  t h a t  
a t r a n s - 1 2 , 8 3 - l a c t o n e  was p r e s e n t  i n  63 .  S i m i l a r l y ,  t h e  l a r g e  
c o u p l i n g  c o n s t a n t  -j s u g g e s t e d  a 3 - o r i e n t a t i o n  f o r  H-6 . The 
i s o b u t y r a t e  s i d e  c h a i n  a t  C - l  was a s s i g n e d  a 3 - c o n f i g u r a t i o n  on t h e  
b a s i s  o f  t h e  smal l  c o u p l i n g  c o n s t a n t  2 ~^ Hz which s u g g e s t e d  an 
e q u a t o r i a l  d i s p o s i t i o n  o f  H - l .  A b ro ad  t h r e e - p r o t o n  peak a t  6 1 .7 5  
(H-15)  c o r r e s p o n d i n g  t o  an o l e f i n i c  methy l  g r o u p ,  which s h a r p e n e d  
upon i r r a d i a t i o n  o f  t h e  b r o a d  o n e - p r o t o n  peak a t  6 5 . 2 9  ( H - 3 ) ,  
c l e a r l y  i n d i c a t e d  an e n d o c y c l i c  3 , 4 - d o u b l e  bond .
Based on t h e  above s p e c t r o s c o p i c  e v i d e n c e ,  and from t h e  
c o m p a r i s o n  o f  t h e  *H NMR s p e c t r u m  o f  60 w i t h  t h e  one o f  
s u b c o r d a t o l i d e  B t h e  s t r u c t u r e  o f  which was e s t a b l i s h e d  by x - r a y  
d i f f r a c t i o n  a n a l y s i s ,  a s t r u c t u r e  as  shown in  63 i s  t e n t a t i v e l y  
a s s i g n e d  f o r  s u b c o r d a t o l i d e  E.
2 . 4  E x p e r i m e n t a l
2 . 4 . 1  I n s t r u m e n t a t i  on
U n l e s s  o t h e r w i s e  s p e c i f i c a l l y  i n d i c a t e d ,  t h e  f o l l o w i n g  
i n s t r u m e n t s  and c o n d i t i o n s  were  u se d  in  o b t a i n i n g  t h e  v a r i o u s  d a t a  
t h r o u g h o u t  t h i s  d i s s e r t a t i o n :
NMRrBruker WP 200 F o u r i e r  T r a n s f o r m  NMR S p e c t r o m e t e r ; 
a m b ie n t  t e m p e r a t u r e ;  TMS as  i n t e r n a l  s t a n d a r d .
MS;Hewle t t  P a c k a rd  5895 GCMS a t  70 eV; s o u r c e  
t e m p e r a t u r e  200 C; p r o b e  i n j e c t i o n .
HRMS: V a r i a n  MAT 711 High R e s o l u t i o n  Mass S p e c t r o m e t e r  
a t  70 eV.
CD_:Durram-Jasco J - 2 0  and J a s c o  J -500C 
S p e c t r o p o l a r i m e t e r s ;  m e thano l  as  s o l v e n t .  
_IR_:Perkin-Elmer 621 I n f r a r r e d  S p e c t r o p h o t o m e t e r ;  
c h l o r o f o r m  as  s o l v e n t .
JJVjCary -14  R e c o r d i n g  S p e c t r o p h o t o m e t e r ;  m e thano l  as  
s o l v e n t .
MP_: Thomas Hoover  C a p i l l a r y  M e l t i n g  P o i n t  A p p a r a t u s ;  
m e l t i n g  p o i n t s  a r e  u n c o r r e c t e d .
2 . 4 . 2  I s o l a t i o n  o f  Compounds from C. s u b c o r d a t a .
C a l e a  s u b c o r d a t a  S.  F.  B la k e  was c o l l e c t e d  on 12 December,  1979 
i n  t h e  S t a t e  o f  T a c h i r a ,  V e n e z u e l a ,  1 3 . 3  km f rom D e l i c i a s  a l o n g  t h e  
r o ad  t o w a r d  V i l l a  Paez (L. U r b a t s c h ,  No. 3427 ,  v o u c h e r  d e p o s i t e d  a t  
LSU, U . S . A . ) .  The a i r - d r i e d  p l a n t  m a t e r i a l  (456 g)  was e x t r a c t e d ,  
worked up as  p r e v i o u s l y  d e s c r i b e d  in  Scheme 2 - 1 ,  and p r o v i d e d  16 .4  g 
o f  c r u d e  s y r u p .  The c r u d e  t e r p e n o i d  s y r u p  was c h r o m a to g r a p h e d  on a 
s i l i c a  ge l  column w i t h  p e t r o l - M e 2C0  m i x t u r e s  of  i n c r e a s i n g  p o l a r i t y ,  
64 f r a c t i o n s  o f  200 ml e a c h  b e i n g  c o l l e c t e d .
F r a c t i o n  20 (47 mg) was f u r t h e r  p u r i f i e d  by p r e p a r a t i v e  TLC 
(1 mm s i l i c a  gel  p l a t e s ,  Merck)  w i t h  h e x a n e - a c e t o n e  ( 9 : 1 )  a s  a 
s o l v e n t  y i e l d i n g  11 mg o f  p u r e  s u b c o r d a t o l i d e  E ( 6 3 ) .  F r a c t i o n s  21-  
24 gave 40 mg o f  c r u d e  s u b c o r d a t o l i d e  B ( 5 8 ) .  P r e p a r a t i v e  TLC on 
s i l i c a  gel  w i t h  a c e t o n e - c h l o r o f o r m  ( 1 : 9 )  y i e l d e d  30 mg o f  a w h i t e  
powder ,  which a f t e r  r e c r y s t a l l i z a t i o n  f rom c h l o r o f o r m ,  gave 17 mg o f  
p u r e  s u b c o r d a t o l i d e  B ( 5 8 ) .  F r a c t i o n s  2 5 -2 8  (800 mg) were 
r e c h r o m a t o g r a p h e d  on a s i l i c a  ge l  column w i t h  c h l o r o f o r m - a c e t o n e  
m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  and 26 f r a c t i o n s  o f  50 ml each  b e i n g
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c o l l e c t e d .  From t h e s e ,  f r a c t i o n s  9 -11  ( 6 8  mg) were f u r t h e r  p u r i f i e d  
by p r e p a r a t i v e  TLC on s i l i c a  ge l  w i t h  p e t r o l e u m  e t h e r - e t h y l  e t h e r  
( 1 : 3 ) ,  y i e l d i n g  27 mg o f  8 - e p i - i s o b u t y r y l r u p i c o l i n  A (52 )  and 24 mg 
o f  8 - e p i - i s o b u t y r y l r u p i c o l i n  B ( 5 4 ) .  F r a c t i o n  29 (203  mg) y i e l d e d  
147 mg o f  p u r e  s u b c o r d a t o l i d e  D (60 )  upon c r y s t a l l i z a t i o n  by vapor  
d i f f u s i o n  from h e x a n e - c h l o r o f o r m . ^
Column c h r o m a to g r a p h y  o f  t h e  combined  m o th e r  l i q u i d s  o f  f r a c t i o n  
29 and r e s i d u e  o b t a i n e d  f rom  f r a c t i o n s  30 -34  (370  mg) on s i l i c a  ge l  
w i t h  c h l o r o f o r m - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  p r o v i d e d  50 
‘f r a c t i o n s  o f  50 ml e a c h .  From t h e s e ,  f r a c t i o n s  27-31  (48 mg) were 
r e c h r o m a t o g r a p h e d  on s i l i c a  ge l  p l a t e s  w i t h  c h l o r o f o r m - a c e t o n e  ( 7 : 3 )  
y i e l d i n g  15 mg o f  s u b c o r d a t o l i d e  C ( 5 9 ) .
R e c h r o m a to g r a p h y  o f  f r a c t i o n s  36-37  ( 2 .1  g) on a s i l i c a  gel 
column w i t h  a c e t o n e - c h l o r o f o r m  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y ,  gave  
56 f r a c t i o n s  o f  100 ml e a c h .  F r a c t i o n s  4 1 -4 6  (510 mg) from t h i s  
s e c o n d  co lu m n,  a f t e r  f u r t h e r  p u r i f i c a t i o n  by p r e p a r a t i v e  TLC, 
a f f o r d e d  450 mg o f  s u b c o r d a t o l i d e  A ( 5 6 ) .
M p f i f J
8 - e p i - i s o b u t y r y  1 r u p i c o l i n  A ( 5 2 ) .  C ^ g l ^ O ^ ,  gum; UV X max nm:
214 ( e 5 . 8 3  x 103 ) ;  CD (MeOH; c 1 . 8 8  x 10"4 , c '  2 . 0 8  x 10‘ 3 ):
[6 ^ 2 5 0  “ 1 *37  x 1C)2’ [0 ]C  2 0 7 " 5 *30 x 1 q 4 ; IR v max13  crn_1 : 3 5 8 0  ( 0 H ) ’
1765 ( y - l a c t o n e ) ,  1725 ( e s t e r ) ,  1665 ( d o u b l e  b o n d ) ,  1150 ( t e r t i a r y
a l c o h o l ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  244 [M-A]+ ( 1 9 . 3 ) ,  229
[M-A-Me]+ ( 9 . 3 ) ,  227 [M-A-0H]+ ( 4 . 0 ) ,  226 [M-A-H20 ] + ( 5 . 2 ) ,  216
[M-A-C0]+ ( 4 . 2 ) ,  211 [M-A-H20 -M e ]+ ( 4 . 5 ) ,  200 [M-A-C02 ] + ( 2 . 7 ) ,  199
[M-A-C0-0H]+ ( 7 . 5 ) ,  198 [M-A-C0-H20 ] + ( 2 . 8 ) ,  71 [A1 ] + ( 6 4 . 8 ) ,  43
[ A ^ ] + ( 1 0 0 . 0 ) .  CIMS (m e t h a n e )  m/zi  3 3 3 .2  (M+l) .
Mp OH
8 - e p i - i s o b u t y r y l r u p l c o l  i n  B ( 5 4 ) .  C j g H ^ O g ,  gum; UV x mgx nm:
56
215 ( E 6 . 4 7  x 103 ) ;  CD (MeOH; c 2 . 0 8  x 10- 4 , c '  1 . 4 3  x 1 0 " 3 ):
[01260  " 6 *04  x l ° 2> [ 0 ] C2 1 1 - 8 - 62  x 103 ; IR v cm"1: 3470 (OH),
1765 ( y - l a c t o n e ) ,  1725 ( e s t e r ) ,  1660 ( d o u b le  b o n d ) ,  1150 ( t e r t i a r y  
a l c o h o l ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  332 [M]+ ( 2 . 1 ) ,  244 [M-A]+
( 4 0 . 2 ) ,  229 [M-A-Me]+ ( 9 . 4 ) ,  226 [M-A-H2 0 ] + ( 1 2 . 0 ) ,  216 [M-A-C0]+
( 8 . 0 ) ,  211 [M-A-H20 -M e ]+ ( 5 . 6 ) ,  201 [M-A-C0-Me]+ ( 1 8 . 0 ) ,  200 
[M-A-C02 ] + ( 6 . 0 ) ,  198 [M-A-C0-H20 ] + ( 7 . 1 ) ,  71 [A1 ] + ( 5 5 . 6 ) ,  43 [A2 ] +
( 1 0 0 . 0 ) .  (Found:  (MS) 3 3 2 .1 6 2 2 .  Ci g H2 4 0 5 r e q u i r e s :  3 3 2 . 1 6 2 3 . )
S u b c o r d a t o l  i d e  A ( 5 6 ) .  C ^ g H ^ O g ,  gum; UV X nm: 206 ( e  8 . 7 4
x 103 ) ;  CD (MeOH; c 2 . 2 7  x 10"4 ):  [ 0 ] 24O- 2 . 9 1  x 103 , [ e ] 2 0 9 - 1 . 4 4  x
104 ) ;  IR v C^C13 cm- 1 : 3580 (OH), 3440 (OH), 1760 ( y - l a c t o n e ) ,  1725 
max
( e s t e r ) ,  1640 ( d o u b l e  b o n d ) ,  1155 ( t e r t i a r y  a l c o h o l ) ;  EIMS ( p r o b e )  
m / z _ ( r e l .  i n t . ) :  260 [M-A]+ ( 2 . 9 ) ,  243 [M-A-0H]+ ( 5 . 1 ) ,  242 
[M-A-H20 ] + ( 2 3 . 3 ) ,  227 [M-A-H20 -M e ]+ ( 1 1 . 6 ) ,  217 [M-A-Me-C0]+ ( 6 . 6 ) ,
216 [M-A-C02 ] + ( 1 . 7 ) ,  214 [M-A-H20 - C 0 ] + ( 8 . 6 ) ,  199 [M-A-H20-C 0-M e ]+
( 1 6 . 4 ) ,  71 [A1 ] + ( 8 2 . 1 ) ,  43 [A2 ] + ( 1 0 0 . 0 ) .  CIMS (m e th an e )  m /z _ 3 4 9 .2  
(M + l ) .
S u b c o r d a t o l i d e  A d i a c e t a t e  ( 5 7 ) .  100 mg o f  compound 56 were
a c e t y l a t e d  w i t h  a c e t i c  a n h y d r i d e  (3 m l ) ,  4 - d i m e t h y l  ami n o p y r i d i n e  ( 2 . 2  
mg) and t r i e t h y l  amine ( 0 . 0 3  ml)  a t  60° f o r  3 . 5  h r .  E xc e ss  a n h y d r i d e  
was d e s t r o y e d  w i t h  H20 and t h e  m i x t u r e  e x t r a c t e d  w i t h  CHC1 3 . The 
o r g a n i c  l a y e r  was s u c c e s s i v e l y  washed  w i t h  IN HC1 and 10% a q .  Na2C0 3  
and was d r i e d  o v e r  Na2 S04 . Removal o f  t h e  s o l v e n t  u n d e r  r e d u c e d  
p r e s s u r e  gave 48 mg o f  an o i l y  p r o d u c t  which a f t e r  p u r i f i c a t i o n  by 
p r e p .  TLC (CHCI3 -  Me2C0,  9 5 : 5 )  y i e l d e d  21 mg o f  s u b c o r d a t o l i d e  A 
d i a c e t a t e  ( 5 7 ) ,  C2 3 H2 g0 g ,  gum; IR v ĵ ^ 3 cm" * : 38^  ( d o u b l e  b o n d ) ,
1765 ( y - l a c t o n e ) ,  1730 ,  1720 ( s a t d  e s t e r s ) ,  1665 ( d o u b l e  b o n d ) ,  1635
( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  373 [M-AcO]+ ( 1 . 9 ) ,  372
[M-AcOH]+ ( 0 . 2 ) ,  331 [M-Ac0-CH2 =C0]+ ( 1 . 9 ) ,  330 [M-Ac0-Ac]+ ( 7 . 4 ) ,
329 [M-AcOH-Ac]+ ( 0 . 8 ) ,  314 [M-2Ac0]+ ( 1 . 4 ) ,  313 [M-Ac0-Ac0H]+ ( 4 . 3 ) ,  
312 [M-2AcOH]+ ( 1 . 4 ) ,  243 [M-AcO-CH2 =CO-A]+ ( 1 6 . 3 ) ,  242 [M-Ac0-Ac-A]+
( 3 8 . 2 ) ,  228 [M-AcO-CH2 =CQ-A-Me]+ ( 1 1 . 8 ) ,  227 [M-AcO-Ac-A-Me]+ ( 6 . 4 ) ,  
226 [M-2Ac0-A]+ ( 1 0 . 2 ) ,  225 [M-Ac0-Ac0H-A]+ ( 4 6 . 5 ) ,  224 [M-2AcOH-A]+
( 2 1 . 0 ) ,  71 [A1 ]*  ( 6 8 . 3 ) ,  43 [A c]+ , [ A 2 ] + ( 1 0 0 . 0 ) .
S u b c o r d a t o l  i d e  B ( 5 8 ) .  C^gH^gO^, mp 1 8 8 . 5 - 1 8 9 . 0 °C ; UV A nm: 
216 (e 8 . 7 5  x 103 ) ,  244 ( e  7 . 9 8  x 103 ) ;  IR v ChC13 cm"1 : 3595 (OH),\ \ / > max v /»
1770 ( y - l a c t o n e ) ,  1680 ( c o n j u g a t e d  CO), 1150 ( t e r t i a r y  OH); EIMS
( p r o b e )  mi/z_ ( r e l . i n t . ) :  262 [M]+ ( 1 1 . 5 ) ,  247 [M-Me]+ ( 1 1 . 0 ) ,  244 
[M-H20 ] + ( 2 . 7 ) ,  234 [M-C0]+ ( 1 1 . 7 ) ,  229 [M-Me-H2 0 ] + ( 3 . 4 ) ,  219 
[M-Me-C0]+ ( 5 . 3 ) ,  149 [CgHg02 ] + ( 2 9 . 8 ) ,  98 [CgHg0 2 ] + ( 1 0 0 . 0 ) ,  55 
[ c 3H3° ) ] + ( 3 0 . 5 ) ,  43 [CH3 C 0 ] + ( 2 3 . 9 ) .
S u b c o r d a t o l i d e  C ( 5 9 ) .  C ^ g H ^ O ^ ,  mp 196-7°C ( d a ) ;  UV A nm: 
213 (e 1 .0 4  x 104 ) ;  CD (MeOH; c 2 . 0 8  x 10"4 ): [ o ] 2 06 + 4 ‘ 34  x 1C)4’ 
[ e ] 2 55  - 2 . 8 1  x 103 ; IR v ^ ] 3 cm- 1 : 3510 (OH), 1765 ( y - l a c t o n e ) ,
1730 ( s a t u r a t e d  e s t e r ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  247 [M-A]+ 
( 3 4 . 6 ) ,  231 [M-A-Me]+ ( 6 . 6 ) ,  229 [M-A-0H]+ ( 1 0 . 2 ) ,  228 [M-A-H20 ] +
( 4 5 . 0 ) ,  202 [M-A-C02 ] + ( 1 2 . 5 ) ,  185 [M-A-H2 0-M e-C0]+ ( 4 3 . 6 ) ,  71 [A1 ] + 
( 6 8 . 9 ) ,  43 [A2 ] + ( 1 0 0 . 0 ) .
Mp OH
S u b c o r d a t o l i d e  D ( 6 0 ) .  C-^gH^Og, mp 246°C ( d e c ) ;  UV A nm: 
218 (e 5 .6 2  x 103 ) ,  224 ( e  5 . 4 6  x 103 ) ;  CD (MeOH; c 2 . 1 6  x 10”4 ):
[ g ] 2 6 2  “ 7 .8 6  x 1 0 3 , [©^227 + * 1 0 4 , ( -03215  ” x 10  , [ 0 ] 2 q^
+ 3 .1 4  x 104 ; IR CHC13 cm- 1 : 3600 (OH), 3555 (OH), 1765 ( y - l a c t o n e ) ,  max
1730 ( u n s a t u r a t e d  e s t e r ) ,  1660 ( d o u b le  b o n d ) ,  1605 ( d o u b l e  b o n d ) ;
EIMS ( p r o b e )  m / z _ ( r e l .  i n t . ) :  246 [M-A]+ ( 9 . 1 ) ,  228 [M-A-H20 ] +
58
( 1 9 . 0 ) ,  213 [M-A-H2 0 - M e ] + ( 9 . 8 ) ,  200 [M-A-H2 0 - C 0 ] + ( 1 3 . 2 ) ,  185 
[M-A-H20 -C0-M e]+ ( 3 3 . 1 ) ,  71 [A1]*  ( 5 4 . 8 ) ,  43 [A2 ] + ( 1 0 0 . 0 ) .
S u b c o r d a t o l i d e  D, p - b r o m o b e n z o a t e  ( 6 2 ) .  90 mg o f  compound 60 
w ere  d i s s o l v e d  i n  5 ml o f  CH2C12 and a c y l a t e d  w i t h  90 mg o f  
p -b rom obe nzoy l  c h l o r i d e ,  2 mg of  4 - d i m e t h y l a m i n o p y r i d i n e  and 0 .1  ml 
o f  NEtg a t  a m b ie n t  t e m p e r a t u r e  f o r  40 h o u r s .  The r e a c t i o n  was 
que n c h ed  w i t h  w a t e r  and t h e  m i x t u r e  e x t r a c t e d  w i t h  CHCI3 . The 
o r g a n i c  l a y e r  was s u c c e s s i v e l y  washed w i t h  5% HC1 and 5% N a ^ O g  and 
was d r i e d  o v e r  a n h y d r o u s  Na2 S04 . Removal o f  t h e  s o l v e n t  u nde r  
r e d u c e d  p r e s s u r e  gave 79 mg o f  an o i l y  m i x t u r e ,  which a f t e r  
p u r i f i c a t i o n  by p r e p .  TLC on s i l i c a  gel w i t h  CHC^-MeCO ( 9 : 1 )  y i e l d e d  
42 mg s u b c o r d a t o l i d e  D p - b r o m o b e n z o a t e  ( 6 2 ) ,  C2 gH2 g0gB r ,  mp 172°C 
( d e c ) ;  IR v 3 cm"*: 1770 ( y - l a c t o n e ) ,  1725 ( e s t e r ) ,  1710 ( e s t e r ) ,
1600 ( a r o m a t i c ) ,  1270 ( b e n z o a t e ) ,  1110 ( b e n z o a t e ) ;  EIMS ( p r o b e )  m/z_
( r e l .  i n t . ) :  317 [M-C7 H4 0 2B r ] + ( 4 . 0 ) ,  229 [M-C7 H4 0 2B r - A ] + ( 1 0 . 4 ) ,  228 
[M-c 7H50 2 B r - A ] + ( 1 5 . 9 ) ,  200 [M-C7 Hg02 B r - A - C 0 ] + ( 6 . 9 ) ,  185 
[ 7 9 BrC6 H4 C 0 ] + ( 9 0 . 2 ) ,  183 [ 8 1 BrCgH4 C 0 ] + ( 1 0 0 . 0 ) ,  71 [A1 ] + ( 3 1 . 0 ) ,  43 
[A2 ] + ( 1 4 . 1 ) .
S u b c o r d a t o l i d e  E ( 6 3 ) .  C^gH2 g04 , gum; UV A nm: 212 ( e  7 .9 5
x 103 ) ;  CD (MeOH; c 2 . 4 0  x 1 0 " 3 ):  [ 0 ] 28O ~ 3 *76  x 1q2> C©]228 = 1 , 5 4  x 
103 , Ce]2 o5 -  2 . 0 9  x 103 ; IR v ^ ^ 3  cm"1: 1765 ( y - l a c t o n e ) ,  1725 
( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  m/z_ ( r e l . 
i n t . ) :  230 [M-A]+ ( 9 0 . 7 ) ,  215 [M-A-Me]+ ( 7 8 . 3 ) ,  202 [M-A-C0]+ ( 5 . 5 ) ,
177 [M-A-Me-C0]+ ( 5 . 1 ) ,  71 [A1 ] + ( 4 2 . 8 ) ,  43 [A2 ] + ( 5 4 . 3 ) ;  CIMS 
( i - b u t a n e ) :  3 1 9 .2  [M + l ]+.
Chapter 3
THE ISOLATION AND STRUCTURE DETERMINATION OF SESQUITERPENE 
LACTONES FROM CALEA TRICHOTOMA.
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3 . 1  I n t r o d u c t i o n
Chemica l  a n a l y s i s  o f  C a le a  t r i c h o t o m a  B. Smith from C h i a p a s ,  
Mexico y i e l d e d  a known f l a v o n e  and  11 s e s q u i t e r p e n e  l a c t o n e s ,  o f  
which s i x  had no t  been d e s c r i b e d  b e f o r e .  The s t r u c t u r e s  o f  t h e  
compounds i s o l a t e d  from C. t r i c h o t o m a  a r e  shown i n  F i g u r e  3 - 1 .
The s t r u c t u r e s  o f  t h e  known compounds were  e s t a b l i s h e d  by 
c o m p a r i s o n  o f  t h e i r  s p e c t r a l  d a t a  w i t h  t h e  ones  o f  t h e  compounds 
d e s c r i b e d  in  t h e  l i t e r a t u r e .  The f l a v o n e  64 was i d e n t i f i e d  as
<N/N
a c a c e t i n ,  which i s  w i d e l y  d i s t r i b u t e d  t h r o u g h o u t  t h e  P l a n t  
Kingdom . 6 0  The g e r m a c r o l i d e  65 was found  t o  be c a l e i n  A, p r e v i o u s l y  
i s o l a t e d  f rom C. z a c a t e c h i c h i wh i l e  t h e  e u d e s m a n o l i d e s  67 ,  6 8 ,
69 and 74 were  i d e n t i f i e d  as  t h e  l g - h y d r o x y - 8 g - t i g l o y l o x y e u d e s m a n - 1 2 ,  
6 a - o l i d e s  p r e v i o u s l y  fo u n d  i n  C. r o t u n d i f o l i a ^  and L i a t r i s
f s  1
l a e v i  g a t a  .
The new compounds were  t h e  h e l i a n g o l i d e ,  3 - d e o x y - 2 ,  3 - d e h y d r o -  
h e l i a n g i n  ( 6 6 ) and  t h e  e u d e s m a n o l i d e s  70,  72, 73,  75 and 78 which
r*. /**. i \ n .  « \ i \
w e re  c a l l e d  t r i c h o m a t o l i d e s  A-E.  The h e l i a n g o l i d e ,  3 - d e o x y - 2 , 3 -  
d e h y d r o - h e l i a n g i n  ( 6 6 ) ,  r e p r e s e n t s  o n ly  t h e  t h i r d  l ( 1 0 ) t r a n s , 2 - c i s , 4 -  
c i s - g e r - m a c r a t r i e n o l i d e  so  f a r  i s o l a t e d ,  and i t  i s  t h e  f i r s t  one f rom 
t h e  genus C a l e a . The new compounds were  c h a r a c t e r i z e d  by c h e m ica l  
and s p e c t r a l  m e t h o d s .
3 . 2  S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  New S e s q u i t e r p e n e  L a c t o n e s  from
C a l e a  t r i c h o t o m a .
F i g u r e  3 -2  shows t h e  NMR s p e c t r u m  o f  t h e  c r u d e  t e r p e n o i d  
e x t r a c t  o f  C. t r i c h o t o m a ,  o b t a i n e d  by means o f  t h e  p r o c e d u r e  o u t l i n e d  
i n  Scheme 2 - 1 .
bl
Figure 3 -1 .  Compounds i s o la te d  from C. trichotom a.
NMR spectrum of the crude ex tra ct  
C. trichotoma.





F r a c t i o n a t i o n  o f  t h e  c r u d e  e x t r a c t  t h a t  was d e s c r i b e d  in  t h e
e x p e r i m e n t a l  s e c t i o n  y i e l d e d  t h e  s i x  new s e s q u i t e r p e n e  l a c t o n e s  t h e
s t r u c t u r e  e l u c i d a t i o n s  o f  which a r e  d i s c u s s e d  in  t h i s  s e c t i o n .
3 - D e o x y - 2 , 3 - d e h y d r o h e l i a n g i n  ( 6 6 ) , C20**24^5’ i s  a gum which  
1
e x h i b i t e d  i n  t h e  H NMR s p e c t r u m  ( F i g u r e  3 - 3 )  two o n e - p r o t o n  d o u b l e t s
a t  <5 6 .3 7  (H-13a)  and 5 .7 9  ( H - 1 3 b ) ,  and a na r row m u l t i p l e t  a t  6 2 . 9 7
(H -7 )  s u g g e s t i n g  an a - m e t h y l e n e - y - l a c t o n e .  A s t r o n g  IR a b s o r p t i o n  a t
1755 cm- '*' c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a y - l a c t o n e  m o i e t y .  F u r t h e r
IR a b s o r p t i o n s  a t  1705 and 1650 cm- '* i n d i c a t e d  t h e  p r e s e n c e  o f  an
u n s a t u r a t e d  e s t e r  and d o u b l e  b o n d ( s ) .  The e s t e r  s i d e  c h a i n  was
a s s i g n e d  t o  a t i g l a t e  g roup  on t h e  b a s i s  o f  t y p i c a l  NMR s i g n a l s ,  a
o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 6 . 8 3 ,  and two t h r e e - p r o t o n
s i g n a l s ,  a b ro ad  s i n g l e t  a t  <5 1 . 7 8  and a b r o a d e n e d  d o u b l e t  a t  1 .7 6 ,
t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  p e a ks  a t  m /z_83 (A* ) and 55 
9
(A ) .  A s s i g n m e n t s  o f  a l l  p r o t o n  s i g n a l s  o f  t h e  b a s i c  r i n g  s k e l e t o n  
o f  6 6  we re  deduced  from e x t e n s i v e  NMR d o u b l e  i r r a d i a t i o n  
e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  i n  T a b le  3 - 1 .  The NMR 
d a t a  a r e  in  good a g re e m e n t  w i t h  a g e r m a c r a n o l i d e  s k e l e t o n  c o n t a i n i n g  
a 2 , 3 - d o u b l e  bond .  F u r t h e r m o r e ,  t h e  s m a l l  c o u p l i n g  c o n s t a n t s  
( J_7 i 3a =2 . 0 ; j J j  ^ 3 ^ = 1 . 8 ; y = l .5  Hz) a r e  c h a r a c t e r i s t i c  f o r  
h e l i a n g o l i d e s  which  t y p i c a l l y  c o n t a i n  a 1 2 , 6 a - t r a n s - l a c t o n e  and a
C.O
4 , 5 - c i s  d o u b l e  bond . The p r e s e n c e  o f  a c o n j u g a t e d  d i e n e  s y s t e m  i n  
6 6  was a l s o  s u p p o r t e d  by t h e  UV s p e c t r u m  which  e x h i b i t e d  a s h o u l d e r  
a t  235 nm ( e = 7 . 2 4  x 10 ) s u p e r i m p o s e d  on a s t r o n g  a b s o r p t i o n  maximum 
a t  216 nm due  t o  t h e  m e t h y l e n e  l a c t o n e .  The s m a l l  c o u p l i n g  c o n s t a n t  
( J j  Hz) s u g g e s t e d  an a  o r i e n t a t i o n  o f  H- 8  and t h e r e f o r e  a 3
c o n f i g u r a t i o n  o f  t h e  t i g l a t e  s i d e  c h a i n .


















Table 3 -1 .  *H NMR spectral data* o f  compounds 6 6 , 
66 72 73
3 .9 4  dd ( 1 2 . 0 ; 4 . 5 )  3 .8 6  dd (1Z.O;6.0 )
2 .0 6  ■
1 .6 5 - 1 .8 5  f
H-l 3 .2 8  dd ( 7 . 4 ; 1 . 0 ) ‘
H-2i
5 .5 5  dd ( 1 1 . 4 ; 7 . 4 )
H-2b
H-3 6 .1 4  br d (1 1 .4 )
H-5 5.31  dq ( 1 0 .5 ; 1 . 5 )
H-6 5 .13  dd ( 1 0 . 5 : 1 . 5 )
H-7 2 .97  m ( 1 . 5 )
H-8 5 .20  s
H-9a 2.81  dd ( 1 5 . 0 ; 4 . 5 )
H-9b 1.39  dd ( 1 5 . 0 ; 3 . 0 )
H-l 3a 6 .3 7  d ( 2 .0 )
H-l 3b 5 .7 9  d ( 1 . 8 )
H-14 1 .38  s
H-lSa 1
1 .88  d ( 1 . 5 )
H-l 5b 1
0T1g 6 .83  qq ( 7 . 2 ; 1 . 8 )
H-4' 1.78  br s
H-5' 1.76  br s
OAc -- --
4 .3 9  br t  ( 3 . 0 )
2 .87  br d (1 1 .5 )
4 .5 2  dd ( 1 1 . 5 ; 1 1 . 5 )
2 .9 0  dddd ( 1 1 . 5 ; 3 . 2 ; 3 . 2 ; - 3 )
5.8 1  ddd ( 4 . 0 ; 2 . 5 ; ~ 3 )
2 .3 8  dd ( 1 5 .5 ; 2 . 5 )
1 .6 5  dd ( 1 5 . 5 ; 4 .0 )
6 .1 5  d ( 3 . 2 )
5 . 4 8  d ( 3 . 2 )
0 .9 5  s  
5 .2 2  br s 
5 .1 2  d ( 1 . 5 )
6 .81  qq ( 7 . 2 ; 1 . 8 )
1 .82  br s 
1 .79  s
1 .8 0 - 1 .9 6  f  
4 .05  br d ( 2 . 5 ; 2 . 5 )
5 .1 5  br d ( 1 2 .5 )
3 .02  dddd ( 1 2 , 5 ; 3 . 5 ; 3 . 2 ;
5.81 ddd ( 4 . 0 ; 5 ; —3)
2 .4 3  dd ( 1 6 .0 ; 2 . 5 )
1 .66  dd ( 1 6 . 0 ; 4 . 0 )
6 .24  d ( 3 . 5 )
5 .5 5  d ( 3 . 2 )
1.21 s
2 .07  d ( 1 . 2 )
6 .8 2  qq ( 7 . 4 )
1.81 br s 
1 .78  s
'F ig u res  1n parentheses  are cou p l in g  con s tants  In Hz. S l g i a l s  are des ign ated  as f o l l o w s :  
S’ S l n g l e t ,  d - d o u b le t ,  t * t r 1 p l e t ,  q - q u a r t e t ,  a p a i l t l p l e t ,  and br*broadened.
^Obscured by other  s i g n a l s .
§■ (M/2 •  6Hz)
72, 73,  75, 76 and 78.
75 76 78
3 .5 4  dd ( 1 1 . 2 ; 4 . 8 ) * 4 .7 9  dd ( 1 1 . 2 : 5 . 0 ) 4 .7 9  dd (1 1 .5 ;  6 .0 )
1 . 2 0 - 1 . 9 0  f 0 . 9 0 - 2 . 0 0  * 0 . 9 0 - 1 . 7 2  *
1 . 2 0 - 1 . 9 0  * 0 . 9 0 - 2 . 0 0  * 1 .8 0 - 2 .2 0  *
2 . 2 8  br d ( 1 1 .0 ) 2 .3 8  br d (1 1 .0 ) 2 .3 8  br d ( 1 1 .0 )
4 .5 3  dd ( 1 1 . 0 : 1 1 .0 ) 4.51  dd ( 1 1 . 0 ; 1 1 . 0 ) 4 .5 1  dd ( U . 0 ; 1 1 . 0 )
3)  .  2 .8 8  dq ( U . 0 ; 3 . 0 ) 2 .86  br d ( l l . Q ) 2 .8 5  dq ( 1 1 . 5 ; 3 . 0 )
5 .8 4  br t  ( 3 . 0 ) § 5 .8 0  br q ( 3 . 0 ) 5 .7 9  br q ( 3 .0 )
2 .42  dd ( 1 5 . 5 : 2 . 5 ) 2 .17  dd ( 1 6 . 5 : 2 . 5 ) 1.94  dd ( 1 5 . 5 ; 2 . 5 )
1 .6 4  dd (1 5 .5 - .4 .0 ) 1 .63  dd ( 1 6 .5 ; 3 . 8 ) 1 .63  dd ( 1 5 . 5 ; 4 .0 )
6 .1 7  d ( 3 . 0 ) 6 .18  d ( 3 . 0 ) 6 .1 6  d ( 3 . 0 )
5 . 4 7  d ( 3 .0 ) 5 .4 ?  d ( 3 . 0 ) 5 .4 6  d ( 3 .0 )
0 . 9 9  S 1.07  s 1 .06  s
5 .04  br s 5 .0 6  br s 5 .0 6  br s
4 .9 7  br s 4 .9 8  br s 4 .9 9  br s
4 .61  q ( 6 .8 ) 5 .6 9  q ( 7 . 0 ) 7 .1 3  q ( 7 . 5 )
1 .38  d ( 6 .8 ) 1 .38  br d ( 7 . 0 ) 1.97  d ( 7 . 5 )
6 . 1 3  br s ;  5 .88  br s 6 .22  d ( 2 . 0 ) ;  5 .87  br s 4 . 8 8  d ( 1 2 .0 ) ;  4 .7 7  d (1 2 .0 )
------ 2 .06  s  1 2 .04  s 2 .0 5  s  ; z*00 s
CT)
c_n
The chem ica l  s h i f t s  o f  H- l  ( 6  3 . 2 8 )  and t h e  C-10-Me ( 6  1 . 3 8 ) ,  
t o g e t h e r  w i t h  t h e  m u l t i p l i c i t i e s  and  c o u p l i n g  c o n s t a n t s  o f  H-3,  H-2 
and  H-l  ( T a b le  3 - 1 )  were i n  f u l l  a c c o r d  w i t h  t h e  p r e s e n c e  o f  a 
1 , 1 0 - e p o x i d e  i n  3 - d e o x y - 2 , 3 - d e h y d r o h e l i a n g i n  ( 6 6 ) as  i n  p u n c t a t i n 6 ^ 
and  1 5 , 5 ' - b i s d e o x y p u n c t a t i n 6 ^ .  The *H NMR d a t a  o f  1 5 , 5 ' - b i s d e o x y -  
p u n c t a t i n  and 3 - d e o x y - 2 , 3 - d e h y d r o h e l i a n g i n  were  n e a r l y  i d e n t i c a l ,  
d i f f e r i n g  o n l y  i n  t h e  s i g n a l s  due t o  t h e  s i d e  c h a i n  p r o t o n  
a b s o r p t i o n ,  and t h e  c h e m ic a l  s h i f t  o f  H-7 .
T r i c h o m a t o l i d e  A ( 7 0 ) ,  C2QH2g 0 g ,  1S a 9um an ^  s p e c t r u m
showing t h e  p r e s e n c e  o f  h y d r o x y l  g r o u p s  ( a b s o r p t i o n  bands  a t  3415 and
1 1 
3325 cm ) ,  a y - l a c t o n e  m o ie ty  (1745 cm ) and  a ,  3- u n s a t u r a t e d
e s t e r ( s )  (1695 cm "*) .  The e s t e r  f u n c t i o n  was a s s i g n e d  t o  a t i g l a t e
group  on t h e  b a s i s  o f  d i a g n o s t i c  *H NMR s i g n a l s ,  a s  shown in  F i g u r e
3 - 4  (a  o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 6 .8 9 ,  and two t h r e e - p r o t o n
methy l  s i n g l e t s  a t  6 1 . 8 2  and 1 . 8 1 ,  r e s p e c t i v e l y ) ,  t o g e t h e r  w i t h  t h e
c h a r a c t e r i s t i c  MS p e a ks  f o r  t i g l a t e  s i d e - c h a i n s  a t  jn/jz 8 3 ( A' )  and
5 5 (A " ) .  On t h e  b a s i s  o f  t h e  c h e m ic a l  s h i f t  o f  H- 8  ( 6 6 . 1 9 )  t h e
t i g l a t e  e s t e r  m us t  be a t t a c h e d  a t  C-8 . F u r t h e r  a s s i g n m e n t s  o f  t h e
p r o t o n  s i g n a l s  were de duc ed  f rom d e t a i l e d  d o u b l e  i r r a d i a t i o n
e x p e r i m e n t s  ( T a b l e  3 - 2 ) .
The *H NMR s p e c t r u m  o f  compound (70)  was v e ry  s i m i l a r  t o  t h e  one
61o f  8 3 - t i g l o x y r e y n o s i n  (7 4 )  and  i n  a g r e e m e n t  w i t h  an e u d e s m a n o l i d e  
t y p e  s k e l e t o n ,  e x c e p t  f o r  t h e  f o l l o w i n g  d i f f e r e n c e s :  ( a )  t h e  t y p i c a l  
s i g n a l s  f o r  t h e  e x o c y c l i c  m e t h y l e n e  l a c t o n e  p r o t o n s  n e a r  66 were  
m i s s i n g ,  and i n s t e a d ,  a t w o - p r o t o n  d o u b l e t  a t  4 .5 7  ppm (J_ = 1 . 5  Hz) 
was f o u n d ;  ( b )  t h e  H- 6  s i g n a l  d i d  n o t  a p p e a r  a s  a t r i p l e t  a s  i n  
compounds 67 ,  6 8 , 69 and 7 4 ,  b u t  a s  a b r o a d  d o u b l e t  a t  65.13  (J =
67
1 1 . 0  Hz) ;  ( c )  t h e r e  was no H-7 s i g n a l  i n  t h e  s p e c t r u m  o f  70 .
T h e s e  d i f f e r e n c e s  be tw een  t h e  *H NMR s p e c t r u m  o f  compound 70 and 
t h e  s p e c t r a  o f  t h e  o t h e r  f o u r  e u d e s m a n o l i d e s  ( 6 7 - 6 9 )  s u g g e s t e d  an
/N*rv< < v o w
a r b u s c u l i n  D t y p e  l a c t o n e  r i n g ^ ^  w i t h  an e n d o c y c l i c  7 ( 1 1 ) - d o u b l e  bond 
and a s a t u r a t e d  C -1 3 .  M o re o v e r ,  t h e  c he m ic a l  s h i f t  o f  t h e  t w o - p r o t o n  
s i g n a l  H-13 ( 6 4 . 5 7 )  s u g g e s t e d  t h e  p r e s e n c e  o f  a h yd roxy l  g roup  a t  
C-13 .  A c e t y l a t i o n  o f  compound 70 p r o v i d e d  t h e  d i a c e t a t e  H  ,
^ 2 4 ^ 3 2 ^ 8 ’ w h 1 c '1 l a c k e d  h y d ro x y l  a b s o r p t i o n s  i n  t h e  IR s p e c t r u m ,  b u t  
i n s t e a d  showed an a d d i t i o n a l  c a r b o n y l  band a t  1735 cm“ * which  was 
a s s i g n e d  t o  t h e  a c e t a t e  g r o u p s .  The *H NMR s p e c t r u m  o f  t h e  
d i a c e t a t e  71 ( F i g u r e  3 - 5 )  showed a p a ra m a g m e t i c  s h i f t  o f  H - l  f rom 
63 .4 4  t o  4 . 6 5 ,  and a s h i f t  o f  t h e  t w o - p r o t o n  H-13 d o u b l e t  ( 6 4 . 5 7 )  
which  now a p p e a r e d  as  two d o u b l e t s  c e n t e r e d  a t  65 .19  (J_ = 1 4 .0  Hz) 
and  6 4 . 7 4  ppm (J_ = 1 4 . 0 ;  1 . 8  Hz) i n  a t y p i c a l  AB p a t t e r n .  T h e s e  
p a r a m a g n e t i c  s h i f t s  i n  t h e  d i a c e t a t e  71 c o n f i r m e d  t h e  p r e s e n c e  o f  
h y d r o x y l  g r o u p s  on C - l  and  C-13 i n  compound 70 .
The p r o p o s e d  s t r u c t u r e  f o r  l a c t o n e  70 was i n  a g r e e m e n t  w i t h  t h e  
o b t a i n e d  ^ C  NMR d a t a  g i v e n  i n  t h e  E x p e r i m e n t a l .  Com par i son  o f  t h e s e  
d a t a ^ *  w i t h  t h e  o n e s  r e p o r t e d  f o r  8 3 - t i g l o x y r e y n o s i n  (7 4 )  showed two 
m a j o r  d i f f e r e n c e s :  ( a )  t h e  C-7 s i g n a l ,  which  was a d o u b l e t  a t  653 .5  
i n  (74 )  a p p e a r e d  a s  a s i n g l e t  a t  6157 .1  i n  70 c o n f i r m i n g  t h e  
q u a t e r n a r y  and o l e f i n i c  c h a r a c t e r  o f  C-7 i n  70 .  (b )  C-13 which  was a 
t r i p l e t  a t  6 1 19 .5  i n  74 u n d e r w e n t  a d i a m a g n e t i c  s h i f t  t o  656 .9  i n  
compound 70 i n d i c a t i n g  t h a t  C-13 r e p r e s e n t s  a s a t u r a t e d  c a r b o n  atom 
b e a r i n g  an h y d roxy l  g r o u p .
The s t e r e o c h e m i s t r y  a t  C - l  and C- 8  was a s s i g n e d  by c o r r e l a t i o n  
o f  t h e  d i h e d r a l  a n g l e s  o f  t h e  p r o t o n s  w i t h  t h e  e x p e r i m e n t a l l y
6 8
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Figure  3 -5 . l H WR spectrum o f trich o m ato lid e  A 
d ia c e ta te  (71).
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Table 3 -2 .  *NMR spectral data o f  compounds 70 and 71.
r%
70 71
H-l 3 .4 4  dd ( 1 1 . 2 ; 5 . 0 ) 4 . 6 5  dd ( 1 2 . 0 ; 5 . 0 )
H-2a 4*
• 1 . 6 6  m - 1 . 5 5 - 1 . 95+
H-2b
H-3a 2 . 3 8  ddd ( 1 4 . 0 ; 5 . 0 ; 2 . 0) 2 . 4 0  ddd ( 1 5 . 0 ; 5 . 6 ; 2 . 2
+
H-3b 2 . 0 - 2 . 1 + —
H-5 1 .81  d ( 1 1 . 0 ) 1 .9 1  d ( 1 1 . 0 )
H-6 5 .1 3  ddd ( 1 1 . 0 ; 1 . 0 ; 1 . 0) 5 .1 7  d ( 1 1 . 0 )
H-8 6 . 1 9  dd ( 4 . 6 ; 2 . 0 ) 6 . 1 7  dd ( 4 . 8 ; 2 . 0)
H-9a 2 . 5 8  dd ( 1 5 . 5 ; 2 . 0) 2 .2 7  dd ( 1 6 . 0 ; 2 . 0 )
H-9b 1 . 6 6  dd ( 1 5 . 5 ; 4 . 6 ) 1 .6 4  dd ( 1 6 . 0 ; 4 . 8 )
H-13a 5 . 1 9  d ( 1 4 . 0 )
4 . 5 7  d ( 1 . 5 )
H-13b 4 . 7 4  dd ( 1 4 . 0 ; 1 . 8 )
C-10-Me 1 .1 3  s 1 .1 9  s
H-15a 5 .0 6  b r  s 5 . 0 9  b r  s
H-15b 5 .0 0  br  s 5 .0 4  b r  s
H - 3 1 6 . 8 9  qq ( 7 . 2 ; 1 . 8 ) 6 . 8 4  qq ( 7 . 8 ; 2 . 0 )
C-3 ' -M e 1 .8 2  br 1 .8 3  b r
C - 2 ' -Me 1 .81  s 1 . 8 0  s
+
+0 b s c u r e d  by o t h e r  s i g n a l s .
m e a s u r e d  c o u p l i n g  c o n s t a n t s .  The l a r g e  c o u p l i n g  ( J^  2 g = Hz) 
s u g g e s t e d  an e q u a t o r i a l ,  3- o r i e n t e d  h y d r o x y l  group a t  C - l ;  s i m i l a r l y ,  
t h e  sm a l l  c o u p l i n g  c o n s t a n t s  _Jg ga = _2.0 Hz and ^  95  = 4 . 6  Hz
i n d i c a t e d  t h a t  t h e  t i g l a t e  e s t e r  s u b s t i t u e n t  a t  C- 8  must  be in  a 3
p o s i t i o n .  The l a r g e  s p l i t t i n g  g = 11 Hz was in  a c c o r d  w i t h  an
a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  t h e  p r o t o n s  a t  C-5 and C - 6 .
T r i c h o m a t o l i d e  B ( 7 2 ) ,  C2 QH2 g0 g ,  i s  a gum w i t h  an IR s p e c t r u m
t h a t  i n d i c a t e d  t h e  p r e s e n c e  o f  h yd roxy l  g r o u p ( s )  ( a b s o r p t i o n  bands  a t
1 1 3600 and 3480 cm ) ,  a y - l a c t o n e  m o ie ty  (1765 cm ) ,  a a ,  3-
u n s a t u r a t e d  e s t e r  (1705 cm- * ) ,  and d o u b l e  bonds (1650 and 1605 
1
cm ) .  The p r e s e n c e  o f  an a - m e t h y l e n e - y - l a c t o n e  was c o r r o b o r a t e d  by 
t h e  *H NMR s p e c t r u m  o f  72 ( F i g u r e  3 - 6 )  which showed two o n e - p r o t o n  
d o u b l e t s  a t  5 6 . 1 5  (H-13a)  and 5 . 4 8  ( H - 1 3 b ) ,  and a d o u b l e t  o f
q u a r t e t s  a t  6 2 . 9 0  ( H - 7 ) .  The n a t u r e  o f  t h e  e s t e r  s i d e  c h a i n  was
e v i d e n t  f rom t h e  *H NMR d a t a :  a o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 
6 . 8 1 ,  and two t h r e e - p r o t o n  s i g n a l s ,  a b r o a d  s i n g l e t  a t  6 1 . 8 2  a b ro ad  
d o u b l e t  a t  and 1 .7 9  which  a r e  t y p i c a l  o f  a t i g l i c  e s t e r  m o i e t y .  
F u r t h e r  c o n f i r m a t i o n  o f  t h i s  was o b t a i n e d  from t h e  s t r o n g  mass 
s p e c t r a l  peaks  a t  m/z_ 83 (A^ ) and 55 (A^ ) .  A s s i g n m e n t s  o f  a l l  *H 
NMR s i g n a l s  o f  72 w ere  de duced  f rom d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s ;
t h e  r e s u l t s  a r e  summarized  in  T a b l e  3 - 1 .  On t h e  b a s i s  o f  t h e  ^H NMR
d a t a ,  t o g e t h e r  w i t h  t h e  IR and mass s p e c t r a l  e v i d e n c e ,  t h e  s t r u c t u r e  
o f  t r i c h o m a t o l i d e  B can be f o r m u l a t e d  as  an e u d e s m a n o l i d e  w i t h  a 
t i g l o y l o x y  g roup  a t  C- 8  and an h y d roxy l  g roup  on C - l  and C -3 ,  as  
shown i n  72 e x c l u s i v e  o f  s t e r e o c h e m i s t r y . Based on t h e  b i o g e n e t i c
/ \  r v
a s s u m p t i o n  t h a t  H-7 a d o p t s  an a - c o n f i g u r a t i o n ^ ,  H- 6  s h o u l d  be 
3 - o r i e n t e d  b e c a u s e  t h e  c o u p l i n g  c o n s t a n t  ( J g  y= 11 .5  Hz) s u g g e s t s  an
71
a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  H-6 and H-7. S i m i l a r l y ,  t h e  l a r g e  
c o u p l i n g  c o n s t a n t  ( Jg  5 = 1 1 .5  Hz) a l s o  i n d i c a t e s  an a n t i p e r i p l a n a r  
a r r a n g e m e n t  o f  H-5 and H-6,  and t h e r e f o r e  H-5 has  an a - o r i e n t a t i o n .
The c o n f i g u r a t i o n  o f  t h e  t i g l a t e  e s t e r  s i d e  c h a i n  a t  C-8 was 
f o r m u l a t e d  as  6 on t h e  b a s i s  o f  t h e  sm a l l  c o u p l i n g  c o n s t a n t  ( J j  g~3 
Hz) which s u g g e s t e d  an e q u a t o r i a l  d i s p o s i t i o n  o f  H-8 .  The 
s t e r e o c h e m i s t r y  a t  C - l  was deduced  from t h e  c o u p l i n g  c o n s t a n t s  o f  H-l  
and t h e  p r o t o n s  a t  C -2 ,  t h e  m a g n i tu d e s  o f  which  were i n  accord w i t h  a 
t r a n s - d i a x i a l  r e l a t i o n s h i p  be tw een  t h e  H-2g and H- l  and w i t h  a c i s -  
e q u a t o r i a l - a x i a l  r e l a t i o n s h i p  be tw een  H -2a  and H - l .  The sm a l l  
c o u p l i n g  c o n s t a n t  3a =J 2  3b=^ *̂z inc* i c a t e d  an a - o r i e n t a t i o n  o f  t h e  
OH group a t  C - 3 .  The s t r u c t u r a l  and s t e r e o c h e m i c a l  a s s i g n m e n t s  were  
c o r r o b o r a t e d  by *H NMR s p e c t r a l  c o m p a r i s o n  o f  72 w i t h  d a t a  d e s c r i b e d  
f o r  s y n t h e t i c  l 3 , 3 a - d i h y d r o x y l a t e d  e u d e s m a n o l i d e  a n a l o g u e s ^ ’ ^ .
T r i c h o m a t o l i d e  C (7 3 )  , C£QH2 5 0 g,  d i s p l a y e d  in  t h e  *H NMR 
s p e c t r u m  ( F i g u r e  3 - 7 )  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 4  (H-13a)  and 
5 .5 5  ( H - 1 3 b ) ,  and a m u l t i p l e t  a t  6 3 . 0 2  (H-7)  t h a t  a r e  c h a r a c t e r i s t i c  
o f  a , 6 - u n s a t u r a t e d - Y - l a c t o n e s .  I t s  IR s p e c t r u m  w i t h  an a b s o r p t i o n  
band a t  1765 cm- '*- c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a y - l a c t o n e  m o ie ty  and 
a l s o  showed bands  which i n d i c a t e d  an u n s a t u r a t e d  e s t e r  (1705 cm- '*'), 
d o u b l e  b o n d ( s )  (1650 and 1605 cm- 1 ) ,  and hyd roxy l  g r o u p ( s )  (3595 and 
3445 cm- 1 ) .  The 1H NMR s p e c t r u m  o f  compound 73 i s  ve ry  s i m i l a r  t o  
t h e  one o f  72 and in  a g re e m e n t  w i t h  an l 3 , 3 a - d i h y d r o x y - 8 g - t i g l o y l o x y  
e u d e s m a n o l i d e  t y p e  s e s q u i t e r p e n e  l a c t o n e  a s  compound 72,  e x c e p t i o n  
t h e  f o l l o w i n g  d i f f e r e n c e s  t h a t  a r e  g iv e n  i n  T a b le  3 - 1 :  ( a )  t h e  H-6 
s i g n a l  d i d  n o t  a p p e a r  a s  a d o u b l e t  o f  d o u b l e t s  as  i n  compound 
72, b u t  a s  a b ro ad  d o u b l e t  a t  6 5 . 1 5  (J  = 1 2 .5  Hz);  (b )  t h e r e  was no
r \.
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H-5 s i g n a l  i n  t h e  s p e c t r u m  o f  73;  ( c )  t h e  two o l e f i n i c  s i g n a l s  o f  t h e  
e x o c y c l i c  m e t h y le n e  g roup  a t  C-4 were m i s s i n g ,  and i n s t e a d  a t h r e e -  
p r o t o n  na r row  d o u b l e t  a t  6 2 .0 7  was f o u n d ,  i n d i c a t i n g  a C-4 m ethy l  
g r o u p .  These  d i f f e r e n c e s  be tw een  t h e  H NMR s p e c t r a  of  
t r i c h o m a t o l i d e  B and C s u g g e s t e d  an i s o m e r i c  r e l a t i o n s h i p  be tw een  t h e  
two compounds in  which t r i c h o m a t o l i d e  C has  an e n d o c y c l i c  4 , 5 - d o u b l e  
bond as  shown in  s t r u c t u r e  73.
rs.
T r i c h o m a t o l i d e  D ( 7 5 ) ,  020^26^6* showed in  t h e  *H NMR s p e c t r u m
two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 1 7  (H -13a)  and 5 .4 7  ( H - 1 3 b ) ,  and a
d o u b l e t  o f  q u a r t e t s  a t  6 2 . 8 8  (H-7)  t y p i c a l  o f  an a ,  g - u n s a t u r a t e d
y - l a c t o n e .  The IR s p e c t r u m  o f  75 showed a b s o r p t i o n s  bands  i n d i c a t i n g
t h e  p r e s e n c e  o f  hy d ro x y l  g r o u p ( s )  (3600 and 3515 cm- '*'), an a,  g-
u n s a t u r a t e d  y - l a c t o n e  (1765 cm- '*'), and an u n s a t u r a t e d  e s t e r  (1715 
1 1c m ) .  The H NMR s p e c t r u m  ( F i g u r e  3 - 8 )  was a s s i g n e d  by e x t e n s i v e  
d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s  and t h e  r e s u l t s  a r e  g iv e n  i n  T a b l e  
3 - 1 .  Major  p o r t i o n s  o f  t h e  *H NMR s p e c t r u m  o f  compound 75 were 
n e a r l y  i d e n t i c a l  w i t h  t h e  known e u d e s m a n o l i d e  (69)  p r e v i o u s l y  found  
i n  C a le a  r o t u n d i f o l i a ^ . Obv ious  d i f f e r e n c e s  were d e t e c t e d  f o r  
s i g n a l s  due  t o  t h e  d i f f e r e n t  s i d e  c h a i n s .  The m e t h y le n e  group a t  C-4 
(H-15)  p r o d u c e d  s i n g l e t s  a t  6 5 . 0 4  (H-15a)  and 4 .9 7  ( H - 1 5 b ) ,  
b r o a d e n e d  by s m a l l  a l l y l i c  and gemina l  c o u p l i n g s .  The s t e r e o ­
c h e m i s t r y  a t  C - 5 ,  C- 6  and C-7 was de duc ed  from t h e  l a r g e  c o u p l i n g  
c o n s t a n t s  _Jg 6 =J^  7 =1 1 . 0  Hz which  i n d i c a t e d  an a n t i p e r i p l a n a r  
a r r a n g e m e n t  o f  H-5,  H- 6  and H-7.  S i m i l a r l y ,  t h e  sm a l l  c o u p l i n g  
c o n s t a n t  g=3*0 Hz s u g g e s t e d  a g - o r i e n t a t i o n  f o r  t h e  e s t e r  s i d e  
c h a i n  a t  C - 8 . The c h e m ica l  s h i f t  o f  H- l  ( 6  3 . 5 4 )  s u g g e s t e d  t h e  
p r e s e n c e  o f  an hy d ro x y l  g roup  a t  C - l ,  and t h e  c o u p l i n g  c o n s t a n t
74
—1 2 g =^ ‘ ^ ^z c 1 e a r l y  d e m o n s t r a t e d  a t r a n s - d i a x i a l  r e l a t i o n s h i p  
b e tw e en  H- l  and H -2g ,  and  t h e r e f o r e  an e q u a t o r i a l  p o s i t i o n  f o r  t h e  
g-OH on C - l .  The a s s i g n m e n t  o f  H- l  was f u r t h e r  c o r r o b o r a t e d  by i t s  
d o w n f i e l d  s h i f t  ( a 6 = 1 .2 5 )  upon a c e t y l a t i o n  o f  compound 75 .
I n s t e a d  o f  t h e  t y p i c a l  t i g l a t e  s i g n a l s  in  t h e  *H NMR s p e c t r u m  o f  
6 9 ^ ,  t h e  s p e c t r u m  o f  t r i c h o m a t o l  i d e  D (75 )  showed a o n e - p r o t o n
< v / v  * r
q u a r t e t  a t  5 4 . 6 1  ( J = 6 . 8  H z ) ,  two o n e - p r o t o n  b r o a d  s i n g l e t s  a t  6 6 . 1 3  
and 5 . 8 8 ,  and a t h r e e -  p r o t o n  d o u b l e t  a t  6 1 . 3 8  (J_=6.8 H z) .  T h i s  
p a t t e r n  o f  s i g n a l s ,  t o g e t h e r  w i t h  t h e  c h a r a c t e r i s t i c  mass s p e c t r a l  
p e a k s  a t  m/z  99 (B1 ) ,  81 (B1-H20 ) ,  71 (B -  B3 ) and 55 (B2 -H20 ) ,  
c l e a r l y  i n d i c a t e d  t h e  p r e s e n c e  o f  a 3 - h y d r o x y - [ 2 - e t h y l a c r y l a t e ]  
m o i e t y .
A c e t y l a t i o n  o f  75 w i t h  a c e t i c  a n h y d r i d e / p y r i d i n e  gave  compound 
7 6 ,  C24H3q0q , which  l a c k e d  t h e  h y d roxy l  a b s o r p t i o n s  i n  t h e  IR 
s p e c t r u m ,  b u t  i n s t e a d  showed an a d d i t i o n a l  c a r b o n y l  band  a t  1740 cm-1 
w h ic h  was a s s i g n e d  t o  t h e  a c e t a t e  g r o u p s .  The *H NMR s p e c t r u m  o f  t h e  
d i a c e t a t e  76 ( F i g u r e  3 - 9 )  showed two s h a r p  methy l  s i n g l e t s  a t  6 2 . 0 6  
and  2 . 0 4 ,  t o g e t h e r  w i t h  p a r a m a g n e t i c  a c e t y l a t i o n  s h i f t s  f o r  H- l  f rom 
6 3 . 5 4  i n  75 t o  6 4 . 7 9  i n  76 and f o r  H - 3 ' f rom 6 4 . 6 1  i n  75 t o  6 5 .69
(M T V  r v o j
i n  t h e  a c e t a t e  76 .  T h e s e  p a r a m a g n e t i c  s h i f t s  c o n f i r m e d  t h e  p r e s e n c e  
o f  h y d roxy l  g r o u p s  on C - l  and C -3 '  i n  t r i c h o m a t o l  i d e  D (7J5).
The *H NMR s p e c t r u m  o f  t h e  a c e t a t e  76 showed a w e l l - s e p a r a t e d  
d o u b l e  p a t t e r n  o f  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  H-6,  H-8 ,  H -1 3 a ,
H -13b ,  and  H - 3 ' ,  which a r e  s l i g h t l y  s h i f t e d  as  shown i n  T a b l e  3 - 1 .
T h i s  s p l i t t i n g  p a t t e r n  became more e v i d e n t  when t h e  s p e c t r u m  was 
o b t a i n e d  i n  a c e t o n e - d g .  Here t h e  C-10 m ethy l  s i n g l e t  was a l s o  
s p l i t .  T h e s e  d a t a  i n d i c a t e d  a m i x t u r e  o f  two v e r y  s i m i l a r  compounds ,
75
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Figure 3-9 . NMR spectrum of trichom ato!1de D a c e ta te  (76).
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t h a t  a r e  most  l i k e l y  d i a s t e r o i s o m e r s  d i f f e r i n g  o n l y  i n  t h e  c h i r a l i t y  
a t  C - 3 1 o f  t h e  s i d e  c h a i n .  S i m i l a r  f i n d i n g s  were p r e v i o u s l y  r e p o r t e d
f f
f o r  t h e  t e t r a l u d i n  s e r i e s  . A t t e m p t s  t o  s e p a r a t e  t h e  m i x t u r e  were  
n o t  s u c c e s s f u l  and in  T a b l e  3-1  t h e  d a t a  f o r  t h e  d i a s t e r o m e r i c  p a i r  
a r e  r e p o r t e d .
T r i c h o m a t o l  i d e  E ( 7 7 ) ,  C20^26®6* was an imPu r e  9um which c o u ld  
o n l y  be s e p a r a t e d  from t r i c h o m a t o l i d e  D (75 )  t h r o u g h  c o n v e r s i o n  t o  
t h e  d i a c e t a t e  78 on which  t h e  i d e n t i f i c a t i o n  was p e r f o r m e d .  The IR
s p e c t r u m  o f  78 showed s t r o n g  a b s o r p t i o n s  a t  1765 cm"'1' ( a ,  g-
1 1 
u n s a t u r a t e d  y - l a c t o n e ) ,  1735 cm ( a c e t a t e ) ,  1720 cm ( u n s a t u r a t e d
1
e s t e r ) ,  and 1650 cm ( d o u b l e  b o n d ) .  The p r e s e n c e  o f  two a c e t a t e  
g r o u p s  i n  78 was i n d i c a t e d  by two t h r e e - p r o t o n  s i n g l e t s  a t  6 2 . 0 5  and 
2 . 0 0 ,  and a mass s p e c t r a l  b a s e  peak a t  m/z_ 43 .  The ^H NMR p a r a m e t e r s  
o f  compound 78 were  o b t a i n e d  by d e t a i l e d  d e c o u p l i n g  e x p e r i m e n t s  and 
a r e  summarized  i n  T a b le  3 - 1 .
Compound 78 showed an NMR s p e c t r u m  ( F i g u r e  3 - 1 0 )  n e a r l y  
i d e n t i c a l  w i t h  t h e  one o f  76 ,  bu t  gave d i f f e r e n t  s i d e  c h a i n  
s i g n a l s .  The s p e c t r u m  o f  78 d i s p l a y e d  a o n e - p r o t o n  q u a r t e t  a t  6 7 . 1 3  
( H - 3 1) ,  a t w o - p r o t o n  AB p a t t e r n  (J_=12 Hz) a t  6 4 . 8 8  ( H - 5 ' a )  and 6 
4 .7 7  ( H - 5 ' b ) ,  and a t h r e e - p r o t o n  d o u b l e t  a t  6 1 . 9 7 .  These  s i g n a l s  
t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  p e a k s  a t  m/z_ 141 (D"*" ) and 99
3
( D - D  ) a r e  d i a g n o s t i c  o f  t h e  s a r r a c i n i c  a c i d  a c e t a t e  m o i e t y .
On t h e  b a s i s  o f  t h e  g r e a t  s i m i l a r i t i e s  o f  t h e  *H NMR s p e c t r a l  
d a t a  o f  compounds 78 and 76 ,  t h e  s t e r e o c h e m i c a l  s t r u c t u r e  o f  t h e  
e u d e s m a n o l i d e  s k e l e t o n  o f  78 must  be t h a t  o f  76. In a d d i t i o n ,  t h e
r * < \
s a r r a c i n o y l  a c e t a t e  m o ie ty  i s  a t t a c h e d  t o  C -8 .  Since" t h e  ^H NMR 
s p e c t r u m  o f  t h e  e u d e s m a n o l i d e  m i x t u r e  p r e v i o u s  t o  a c e t y l a t i o n  l a c k e d
Figure 3-
OAc'
OAcH NMR spectrum of  tr ichomatolide E acetate  (78)





a c e t a t e  s i g n a l s ,  i t  can be assumed t h a t  compounds 75 and 77 a r e  t h e  
n a t u r a l  p r o d u c t s .
3 . 3  E x p e r im e n t a l
3 . 3 . 1  I n s t r u m e n t a t i o n
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were  d e s c r i b e d  in  
s e c t i o n  2 . 4 . 1  were  u s e d  t o  o b t a i n  t h e  p h y s i c a l  and s p e c t r a l  d a t a  
r e p o r t e d  t h r o u g h o u t  t h i s  c h a p t e r .
3 . 3 . 2  I s o l a t i o n  o f  compounds from C. t r i c h o t o m a .
C a l e a  t r i c h o t o m a  B. Smith  was c o l l e c t e d  on J u l y  29,  1978 in  
C h i a p a s ,  M ex ico ,  2 . 8  m i l e s  s o u t h  o f  La T r i n i t a r i a  a l o n g  Highway 190 
(L.  U r b a t s c h ,  No. 3335 ,  v o u c h e r  d e p o s i t e d  a t  LSU, U . S . A . ) .  The a i r -  
d r i e d  p l a n t  m a t e r i a l  (652 g) was e x t r a c t e d  and worked  up as  d e s c r i b e d  
i n  Scheme 2 - 1 ,  and p r o v i d e d  9 .1  g o f  t h e  c r u d e  e x t r a c t .
F r a c t i o n a t i o n  o f  t h i s  c r u d e  s y r u p  on a s i l i c a  gel column w i t h  
p e t r o l e u m  e t h e r - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y ,  gave 38 
f r a c t i o n s  o f  200 ml e a c h .
F r a c t i o n s  6 -7  (120 mg) were  f u r t h e r  p u r i f i e d  by p r e p a r a t i v e  TLC 
on s i l i c a  gel  w i t h  e t h y l  e t h e r - p e t r o l e u m  e t h e r  ( 7 : 3 ) ,  y i e l d i n g  10 mg 
o f  3 - d e o x y - 2 , 3 - d e h y d r o h e l i a n g i n  ( 6 6 ) ,  w h i l e  f r a c t i o n s  8 -11  (90 mg) 
gave  21 mg o f  c a l e i n  A (6 5 )  by t h e  same p r o c e d u r e .  F r a c t i o n s  18-21 
y i e l d e d  25 mg o f  a c a c e t i n  ( 6 4 ) ,  a y e l l o w  s o l i d ,  upon e v a p o r a t i o n  o f  
t h e  s o l v e n t .
Column c h r o m a to g r a p h y  o f  f r a c t i o n s  16 -18  ( 1 . 4  g) on s i l i c a  gel  
w i t h  p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  m i x t u r e s ,  p r o v i d e d  25 f r a c t i o n s  o f  
100 ml e a c h .  From t h e s e ,  f r a c t i o n s  11 -14 (310 mg) a f f o r d e d  7 mg o f  
compound 67,  20 mg o f  68 ,  and 230 mg o f  compound 74,  a f t e r
79
p r e p a r a t i v e  TLC on s i l i c a  gel  w i t h  p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  
( 1 0 : 3 ) .  By t h e  same p r o c e d u r e ,  f r a c t i o n s  15-16  y i e l d e d  65 mg of  
t r i c h o m a t o l i d e  A ( 7 0 ) ,  w h i l e  f r a c t i o n s  17 -18  gave 78 mg o f  
compound 69.
F r a c t i o n s  24 -25  (900  mg) were r e c h r o m a t o g r a p h e d  on a 250 g 
s i l i c a  ge l  column u s i n g  m i x t u r e s  o f  p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  a s  
e l u a n t  and 60 f r a c t i o n s  o f  50 ml each  were  c o l l e c t e d .  F r a c t i o n s  22-  
25 o f  t h i s  s e c o n d  co lu m n,  a f t e r  f u r t h e r  p u r i f i c a t i o n  by p r e p a r a t i v e  
TLC ( c h l o r o f o r m - a c e t o n e ,  8 : 2 ) ,  p r o v i d e d  90 mg o f  t r i c h o m a t o l i d e  
11 <” >•
F r a c t i o n s  26 -27  ( 1 . 4  g) were f r a c t i o n a t e d  o v e r  s i l i c a  gel w i t h  
c h l o r o f o r m - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  and 50 f r a c t i o n s  
o f  50 ml e a ch  were c o l l e c t e d .  From t h e s e ,  f r a c t i o n s  38 -40  (19 mg), 
were  r e c h r o m a t o g r a p h e d  by p r e p a r a t i v e  TLC ( c h l o r o f o r m - a c e t o n e ,  7 : 3 )  
and gave 8  mg o f  p u r e  t r i c h o m a t o l i d e  C ( 7 3 ) .  With a s i m i l a r  
p u r i f i c a t i o n  p r o c e d u r e ,  f r a c t i o n s  42 -44  (24 mg) gave 11 mg o f  
t r i c h o m a t o l i d e  B ( 7 2 ) .
3 - D e o x y - 2 , 3 - d e h y d r o h e l i a n g i n  ( 6 6 ) .  C2oh24°5"  9 ™ ;  UV A max” nm;
216 ( e 7 . 4 1  x 103 ) ,  235 ( e  3 . 8 6  x 103 );  IR v ^ ] 3 cm*1 : 1755
( y - l a c t o n e ) ,  1705 ( c o n j .  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )
( r e l . i n t . ) :  344 [M]+ ( 0 . 3 ) ,  244 [M -  A ] + ( 1 . 5 ) ,  229 [M -  A -  Me]+
( 1 . 5 ) ,  216 [M -  A -  C 0 ] + ( 1 . 3 ) ,  211 [M -  A -  CO -  Me]+ ( 4 ) ,  83 [AX] +
( 1 0 0 ) ,  55 [ A ^ ] + ( 5 4 ) .  CIMS ( i s o b u t a n e )  Jti/ z_:345 [M + l ]+ .
T r i  chom ato l  i d e  A ( 7 0 ) .  C2 OH2 5 O0 , gum; UV x j ^ j ^  nm: 220 ( e  1 . 1 4
x 104 ); CD (MeOH; c 4 . 5 6  x 10“3 ): [ e ] 280 + 2 . 9  x 1 0 2 , C©D243 " 8 * 02  x 
CHCK
104 ; IR X cm*1: 3415 (OH), 3325 (OH), 1745 ( y - l a c t o n e ) ,  1695 
’ max
( c o n j .  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  ( r e l .  i n t . ) :  362 [M]+
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( 2 . 6 ) ,  262 [M-A]+ ( 4 1 . 1 ) ,  244 [M-A-H2 0 ] + ( 1 2 . 5 ) ,  200 [M-A-C02 ] +
( 1 0 . 6 ) ,  83 [ A1] + ( 1 0 0 ) ,  55 [ A " ] + ( 3 9 . 8 ) ;  13C NMR s i g n a l s  ( 5 0 .3 2  MHz,
CDC13 , TMS a s  i n t .  s t a n d a r d ) :  7 6 . 8  d ( C - l ) ,  3 1 .2  t  ( C - 2 ) ,  3 3 .7  t  
( C - 3 ) ,  14 2 .3  ( C - 4 ) ,  5 5 .3  d ( C - 5 ) ,  7 8 .6  d (C-6 ) ,  157 .1  s  ( C - 7 ) ,  6 5 .5  d 
(C - 8 ) , 4 1 . 4  t  ( C - 9 ) , 4 1 .1  s  ( C - 1 0 ) ,  128 .1  s  ( C - l l ) ,  17 2 .4  s ( C - 1 2 ) ,
5 6 .9  t  ( C - 1 3 ) , 1 2 .2  q ( C - 1 4 ) ,  1 1 0 .8  t  ( C - 1 5 ) ,  16 8 .2  s ( C - l * )  128 .2  s 
( C - 2 ' ) ,  1 4 0 .0  d ( C - 3 1) ,  1 4 .8  q ( C - 2 ' - M e ) ,  1 3 . 0  q ( C - 3 ' - M e ) .  [ C a l c ,  
f o r  C2 0 H2 6 06 : 3 6 2 . 1 6 9 3 .  Found:  MS 3 6 2 . 1 6 7 5 ] .
T r i c h o m a t o l i d e  A d i a c e t a t e  ( 7 1 ) .  A c e t y l a t i o n  o f  10 mg 70 in
   ..........................   i i i  i   . I v
p y r i d i n e / A c 20 f o r  20 h r ,  f o l l o w e d  by u s u a l  w o r k - u p ,  gave t h e
CHClo ,
d i a c e t a t e  (71 )  C2 4 H3 2 0 q ,  gum; IR Amax cm : 1770 ( y - l a c t o n e ) ,  1735 
( a c e t a t e ,  e s t e r ) ,  1720 ( c o n j .  e s t e r ) ,  1655 ( d o u b l e  b o n d ) ;  EIMS 
( p r o b e )  ( r e l . i n t . ) :  448 [M]+ ( 0 . 3 ) ,  388 [M-H0Ac]+ ( 1 . 4 ) ,  304 [M-A]+
( 4 . 0 ) ,  286 [M-A-C02 -H20 ] + ( 4 . 3 ) ,  244 [M-H0Ac-A-C02 ] + ( 2 1 . 5 ) ,  226 
[M-H0Ac-A-C02 -H20 ] + ( 3 5 . 3 ) ,  211 [M-H0Ac-A-C02 -H20-CH3 ] + ( 1 7 . 1 ) ,  83 
[ A ' ] + ( 1 0 0 ) ,  55 [ A " ] + ( 2 8 . 4 ) ,  43 [ A c ] + ( 4 3 . 4 ) .
T r i  chomato l  i d e  B ( 7 2 ) .  C2QH2 g 0 g ,  gum; UV A nm: 216 ( e  4 . 9 3
x 102 ) ,  225 ( e  3 . 6 3  x 102 ) ,  240 ( e  2 . 1 9  x 102 ) ;  IR v cm- 1 : 3600
Ilia  a
(0 H ) ,  3480 (OH), 1765 ( y - l a c t o n e ) ,  1705 ( c o n j .  e s t e r ) ,  1650 ( d o u b l e  
b o n d ) ,  1605 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  m/z^ ( r e l . i n t . ) :  362 [M]+
( 7 ) ,  344 [M-H2 0 ] + ( 0 . 5 ) ,  262 [M-A ] + ( 2 ) ,  244 [M-A -H2 0 ] + ( 6 ) ,  229 
[M-A -H20-Me]+ ( 2 ) ,  226 [M-A -2H2 0 ] + ( 2 ) ,  216 [M-A -H2 0 - C 0 ] + ( 4 ) ,  201 
[M-A -Ho0-Me-C0]+ ( 4 ) ,  83 [A1 ] + ( 1 0 0 ) ,  55 [A2 ] + ( 4 5 ) .  (Found:  (MS)
rw  C. < v  r s /
3 6 2 . 1 7 2 6 .  C20H26°6  r e 9u i r e s :  3 6 2 . 1 7 2 9 . )
M pHW
T r i c h o m a t o l i d e  C ( 7 3 ) .  C2 QH2 g 0 g ,  gum; UV X max nm: 220 ( e 9 . 5 3
x 103 ) ;  IR cm- 1 : 3595 (OH),  3445 (OH), 1765 ( y - l a c t o n e ) ,
Iu3 a
1705 ( c o n j .  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ,  1605 ( d o u b l e  b o n d ) ;  EIMS
( p r o b e )  m/z^ ( r e l . i n t . ) :  362 [M]+ ( 0 . 5 ) ,  344 [M-H20 ] + ( 0 . 5 ) ,  262 
[M-A ] + ( 8 ) ,  247 [M-A -Me]+ ( 1 6 ) ,  244 [M-A -H20 ] + ( 1 2 ) ,  229 [M-A -  
H20-Me]+ ( 8 ) ,  216 [M-A -H20 - C 0 ] + ( 8 ) ,  201 [M-A -H20-Me-C0]+ ( 7 ) ,  83 
[A1 ] + ( 1 0 0 ) ,  55 [A2 ] + ( 9 5 ) .  (Found:  (MS) 3 6 2 .1 7 1 9 .  C20H260 6
r e q u i r e s :  3 6 2 . 1 7 2 9 . )
T r i c h o m a t o l  i d e  D ( 7 5 ) .  C20H2g 0 g ,  gum; UV x nm: 215 ( e  7 . 2 4
x 103 ) ;  IR v 2 5 ? 3  cm"1 : 3600 (OH), 3515 ( b r o a d ,  OH), 1765 ( y -
ITlaX
l a c t o n e ) ,  1715 ( c o n j .  e s t e r ) ,  1650 (weak,  d o u b l e  b o n d ) ;  EIMS ( p r o b e )  
m/z  ( r e l .  i n t . ) :  362 [M]+ ( 2 ) ,  344 [M-H20 ] + ( 2 ) ,  326 [M-2H20 ] + ( 1 ) ,  
246 [M-A ] + ( 2 2 ) ,  228 [M-A -H20 ] + ( 4 0 ) ,  213 [M-A -H20-Me]+ ( 2 5 ) ,  202 
[M-A -C02 ] + ( 4 2 ) ,  200 [M-A -H20 - C 0 ] + ( 1 6 ) ,  185 [M-A -H20-C0-Me]+
( 2 3 ) ,  99 [B1 ] + ( 3 8 ) ,  81 [B 1 -0H ]+ ( 9 6 ) ,  71 [B-B3 ] + ( 2 7 ) ,  55
/ v  rs*
[B2 -0 H ]+ ( 3 9 ) .  (Found:  (MS) 3 6 2 . 0 0 0 .  C20H2g0g r e q u i r e s :  3 6 2 . 1 7 2 9 . )  
T r i c h o m a t o l i d e  D a c e t a t e  (76)  A c e t y l a t i o n  o f  40 mg 75 i n
 -----------------  -   - - - -  (N W
p y r i d i n e / A c 20 f o r  10 h r ,  f o l l o w e d  by u s u a l  w o r k - u p ,  gave t h e  
a c e t a t e  7 6 ,  C ^ H ^ O g ,  gum; IR v 25? 3 cm~ * : ^ 6 0  ( y - l a c t o n e ) ,  1740 
( a c e t a t e ) ,  1730 ( a c e t a t e ) ,  1720 ( c o n j .  e s t e r ) ;  EIMS ( p r o b e )  m / £  ( r e l . 
i n t . ) :  446 [M]+ ( 0 . 3 ) ,  386 [M-H0Ac]+ ( 6 ) ,  326 [M-2H0Ac]+ ( 3 ) ,  288 
[M-C ] + ( 1 ) ,  228 [M-C-H0Ac]+ ( 2 8 ) ,  213 [M-C -H0Ac-Me]+ ( 1 2 ) ,  200 
[M-C -H0Ac-C0]+ ( 8 ) ,  185 [M-C -H0Ac-C0-Me]+ ( 1 0 ) ,  141 [C1 ] + ( 5 9 ) ,
115 [C -C4 ] + ( 7 ) ,  99 [C-C3 ] + ( 1 7 ) ,  82 [ C ^ C 3 ] + ( 1 8 ) ,  54 [C2 -C3 ] +
Arf rw  (V  ^  ^
( 1 0 ) ,  43 [CH3C0]+ ( 1 0 0 ) .
T r i c h o m a t o l i d e  E a c e t a t e  ( 7 8 ) .  The above  a c e t y l a t i o n  o f  75 gave 
a f t e r  p r e p .  TLC p u r i f i c a t i o n  ( p e t r o l - M e 2C0,  t w i c e )  b e s i d e  t h e  a c e t a t e
M p f l U
7 6 ,  9 mg o f  a c e t a t e  7 8 ,  C ^ H ^ q O q ,  gum; UV X mgx nm: 218 ( e 6 .5 1  x 
102 ) ,  225 ( e  5 . 5 1  x 102 ) ;  IR cm- 1 : 1765 ( y - l a c t o n e ) ,  1735
ITlaX
( a c e t a t e ) ,  1725 ( a c e t a t e ) ,  1715 ( c o n j .  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;
EIMS ( p r o b e )  m/z ( r e l .  i n t . ) :  446 [M]+ ( 0 . 4 ) ,  386 [M-H0Ac]+ ( 6 ) ,  326 
[M-2H0Ac]+ ( 1 ) ,  288 [M-D ] + ( 1 ) ,  228 [M-D -H0Ac]+ ( 3 4 ) ,  213 [M-D -  
H0Ac-Me]+ ( 1 4 ) ,  200 [M-D -H0Ac-C0]+ ( 8 ) ,  141 [D1 ] + ( 8 2 ) ,  99 [D-D3 ] +
r v  r s /  i v  r v
( 2 5 ) ,  53 [D2 -D3 ] + ( 9 ) ,  43 [CHoC0]+ ( 1 0 0 ) .  (Found:  (MS) 4 4 6 .1 9 4 2 ./V M J
^24^30^8  r e 9 u i r e s :  4 4 6 . 1 9 3 8 . )
Chapter 4
THE ISOLATION AND STRUCTURE DETERMINATION OF SESQUITERPENE 
LACTONES FROM CALEA SOLIDAGINEA
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4 . 1  I n t r o d u c t i o n
Among t h e  a lm o s t  25 C a le a  s p e c i e s  t h a t  have been c h e m i c a l l y  
i n v e s t i g a t e d  so  f a r ,  g u a i a n o l i d e s  have  been found  o n ly  i n  C. 
s u b c o r d a t a  ( F i g u r e  2 - 1 ) ;  C. s o l i d a g i n e a  i s  t h e  second  o f  t h e s e  
s p e c i e s  f rom which g u a i a n o l i d e s  were i s o l a t e d .  B e s i d e s  t h e  known 
f l a v o n e  a c a c e t i n ^ ®  (64)  and t h e  h e l i a n g o l i d e  h e l i a n g i n e ^ ’ ^
( 7 9 ) ,  c a l b e r t o l i d e  C ( 8 5 )  a h e l i a n g o l i d e  p r e v i o u s l y  found  in  C. 
b e r t e r i a n a ,  and f o u r  new g u a i a n o l i d e s ,  8 - e p i - 8 - t i g l y l r u p i c o l i n  
A ( 8 0 ) ,  d e s a c y l - 8 - t i g l y l s u b c o r d a t o l i d e  A ( 8 1 ) ,  s o l i d a g i n o l i d e  
A (83 )  and s o l i d a g i n o l i d e  B (8 4 )  were  a l s o  i s o l a t e d .
The s t r u c t u r e s  o f  t h e  compounds i s o l a t e d  from C. s o l i d a g i n e a  a r e  
shown i n  F i g u r e  4 - 1 .  The new compounds were  c h a r a c t e r i z e d  by 
c h e m i c a l  and s p e c t r o s c o p i c  m e t h o d s ,  w h i l e  t h e  s t r u c t u r e s  o f  t h e  known 
compounds were  e s t a b l i s h e d  by c o m p a r i s o n  of  t h e i r  NMR and mass 
s p e c t r a  w i t h  t h o s e  o f  a u t h e n t i c  s a m p l e s .
4 . 2  S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  New Compounds from C. S o l i d a g i n e a
F i g u r e  4 - 2  shows t h e  NMR s p e c t r u m  o f  t h e  c r u d e  t e r p e n o i d
e x t r a c t  f rom C. s o l i d a g i n e a ,  o b t a i n e d  by t h e  p r o c e d u r e  o u t l i n e d  in
Scheme 2 - 1 .  F r a c t i o n a t i o n  o f  t h e  c r u d e  e x t r a c t  by t h e  p r o c e d u r e
d e s c r i b e d  in  t h e  e x p e r i m e n t a l  s e c t i o n  ( 4 . 3 . 2 )  and t h e  w ork -up  o f  t h e
d i f f e r e n t  f r a c t i o n s  y i e l d e d  t h e  f o u r  new g u i a n o l i d e s  t h e  s t r u c t u r e
e l u c i d a t i o n s  o f  which a r e  d e s c r i b e d  be low .
The s t r u c t u r e  d e t e r m i n a t i o n  o f  c a l b e r t o l i d e  C (85 )  i s  d i s c u s s e d
i n  C h a p t e r  5,  b e c a u s e  t h e  compound was f i r s t  i s o l a t e d  from C.
1 ?b e r t e r i a n a .  However i t s  C NMR s p e c t r a l  d a t a  a r e  p r e s e n t e d  in  T a b l e
1 O
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F i g u r e  4 - 1 .  S t r u c t u r e s  o f  t h e  compounds i s o l a t e d  from C. 
s o l i d a g i n e a .
F i g u r e  4 - 2 . *H NMR s p e c t r u m  o f  t h e  c r u d e  e x t r a c t  
o f  C. s o l i d a g i n e a .
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i s o l a t e d  from C. s o l i d a g i n e a .
8 - e p i - 8 - t i g l y l r u p i c o l i n  A ( 8 0 ) ,  C2 0 H2 4 O5 , i s  a gum which 
1
e x h i b i t e d  i n  t h e  H NMR s p e c t r u m  ( F i g u r e  4 - 3 )  two o n e - p r o t o n  d o u b l e t s  
a t  6 6 . 2 9  (H-13a)  and 5 .5 4  ( H -13b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 
3 .4 1  (H-7)  c h a r a c t e r i s t i c  o f  an a - m e t h y l e n e - y - l a c t o n e .  T h i s  was 
f u r t h e r  c o n f i r m e d  by an IR a b s o r p t i o n  a t  1760 cm” * which i s  t y p i c a l  
o f  a y - l a c t o n e  m o i e t y .  O t h e r  bands  i n  t h e  IR s p e c t r u m  i n d i c a t e d  t h e
p r e s e n c e  o f  h y d r o x y l ( s )  (3580 and 3500 cm” * ) ,  an u n s a t u r a t e d  e s t e r
(1705 cm” *) and a c a r b o n - c a r b o n  u n s a t u r a t i o n  (1650 cm” * ) .  The e s t e r  
s i  d e - c h a i n  was i d e n t i f i e d  as  a t i g l a t e  group on t h e  b a s i s  o f  t h e  
c h a r a c t e r s t i c  *H NMR s i g n a l s  (a o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 
6 . 7 1 ,  and two t h r e e - p r o t o n  v i n y l  methyl  s i g n a l s  a t  6 1 .77  and 1 . 7 5 ) ,  
t o g e t h e r  w i t h  s t r o n g  MS peaks  a t  m /z _ 83 (A*) and 55 (A ^ ) .  D e t a i l e d  
s p i n  d e c o u p l i n g  e x p e r i m e n t s  a l l o w e d  t h e  a s s i g n m e n t  o f  a l l  *H NMR 
s i g n a l s ;  t h e  r e s u l t s  a r e  summarized  i n  T a b l e  4 - 1 .  On t h e  b a s i s  o f  
t h e  c he m ica l  s h i f t  o f  H-5 (5 2 . 8 0 )  and i t s  m u l t i p l i c i t y  ( d o u b l e t ,
6= 1 1 .2  Hz) and t h e  s p l i t t i n g  o f  H- 6  ( d o u b l e t  o f  d o u b l e t s ,  ^  6=
1 1 .2  Hz, _Jg 7 = 9 . 0  H z) ,  t o g e t h e r  w i t h  t h e  a b s e n c e  o f  a n g u l a r  methyl  
s i g n a l s ,  g u a i a n o l i d e - t y p e  s k e l e t o n  f o r  compound 80 was p o s t u l a t e d .
Com par i son  o f  t h e  *H NMR s p e c t r u m  o f  80 w i t h  t h e  one o f  8 - e p i - 8 -  
i s o -  b u t y r y l r u p i c o l i n  A ( 5 2 ) ,  which  was p r e v i o u s l y  i s o l a t e d  from
C a l e a  s u b c o r d a t a ,  showed o n ly  minor  d i f f e r e n c e s  f o r  t h e  s k e l e t a l
p r o t o n  s i g n a l s ,  and d i f f e r e d  m a i n ly  i n  t h e  s i g n a l s  due  t o  t h e  s i d e -  
c h a i n s .  Based on t h e  g r e a t  s i m i l a r i t y  o f  t h e  c he m ica l  s h i f t s  and 
s p l i t t i n g  f f a t t e r n s ,  compound 80 must  have  t h e  same c o n f i g u r a t i o n  a t  
C - l ,  C -5 ,  C-7 and C- 8  as  8 - e p i - 8 - i s o b u t y r y l r u p i c o l i n  A ( 5 2 ) ,  and 
t h e r e f o r e  t h e  s t e r e o - s t r u c t u r e  shown i n  80 i s  p r o p o s e d .











D e s a c y l - 8 - t i g l y  1 s u b c o r d a t o l i d e  A ( 8 1 ) ,  i s  a 9um W1th
an *H NMR s p e c t r u m  ( F i g u r e  4 - 4 )  s u g g e s t i n g  an a - m e t h y l e n e - y - l a c t o n e  
w i t h  two t y p i c a l  o n e - p r o t o n  d o u b l e t s  a t  6 6 .3 1  (H - l 3 a )  and 5 .66  
( H - 1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 3 . 5 8  ( H - 7 ) .  The IR s p e c t r u m  
i n d i c a t e d  t h e  p r e s e n c e  o f  h y d ro x y l  g r o u p ( s )  (3595 and 3460 cm- 1 ) ,  a 
Y - l a c t o n e  (1760 cm- 1 ) ,  an u n s a t u r a t e d  e s t e r  (1706 cm- 1 ) and  c a r b o n -  
c a r b o n  d o u b l e  b o n d ( s )  (1650 cm- 1 ) .  On t h e  b a s i s  o f  t h e  same 
a r g u m e n t s  u sed  f o r  compound 8 0 ,  t h e  s i d e  c h a i n  i n  compound 81  ̂ was 
i d e n t i f i e d  a s  a t i g l a t e  e s t e r .
The c he m ica l  s h i f t s  and m u l t i p l i c i t i e s  o f  H-5 ( s  2 . 5 1 ,  d > is,6 =
1 1 .2  Hz) and H-6 (6 4 . 7 3 ,  dd ,  ^ = 1 1 .2  Hz and -j = 9 . 2  Hz) ,  
t o g e t h e r  w i t h  t h e  a b s e n c e  o f  a n g u l a r  methyl  s i g n a l s ,  a g a i n  s u g g e s t e d
1 1 O
a g u a i a n o l i d e - t y p e  s k e l e t o n .  Compari son  o f  t h e  H NMR and C NMR 
s p e c t r a l  d a t a  ( T a b l e  4 - 2 )  o f  compound 81 w i t h  t h e  d a t a  r e p o r t e d  f o r  
s u b c o r d a t o l i d e  A ( 5 6 ) , a compound which we had p r e v i o u s l y  i s o l a t e d  
from C a l e a  s u b c o r d a t a , showed t h a t  b o th  compounds have t h e  same 
s k e l e t o n  and s u b s t i t u t i o n  p a t t e r n ,  w i t h  s t r u c t u r a l  d i f f e r e n c e s  o n ly  
i n  t h e  s i  d e - c h a i n  a t t a c h e d  t o  C -8 .  The p r e s e n c e  o f  two s i n g l e t s  a t
8 5 . 9  ( C - l )  and 8 2 .1  (C-4 )  i n  t h e  13C NMR s p e c t r u m  o f  81^, which 
c o r r e s p o n d  t o  q u a t e r n a r y  c a r b o n s  b e a r i n g  an OH g r o u p ,  a g r e e d  w i t h  t h e  
p r e s e n c e  o f  two t e r t i a r y  OH g r o u p s  i n  compound 81^.
The a c e t y l a t i o n  o f  81 w i t h  a c e t i c  a n h y d r i d e / 4 - d i m e t h y l  ami no­
p y r i d i n e 33 gave  t h e  d i a c e t a t e  ( 8 2 ) ,  l a c ^ ed  ^
a b s o r p t i o n s  i n  t h e  IR s p e c t r u m ,  b u t  i n s t e a d  gave an a d d i t i o n a l  b r o a d  
c a r b o n y l  band  a t  1730 cm- 1 . The 1H NMR s p e c t r u m  o f  82 showed two 
t h r e e - p r o t o n  s i n g l e t s  a t  6 2 . 1 0  and 2 . 0 5 ,  c l e a r l y  i n d i c a t i n g  t h e  
p r e s e n c e  o f  two a c e t a t e  g r o u p s  ( F i g u r e  4 - 5 ) .
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Figure 4 -5 . NMR spectrum of desacy l-B -t1g ly1subcordato l1de A






Table 4 - 1 .  NMR sp ec tra l  data* of  compounds 8 0 ,  81 ,  and 82.
80 81 82
H-2a
2.65 m •5.64 d (6 .0 ) ■6.36 d (5 .5 )
H-2b
H-3 5 . 5 2 - 5 . 5 7 ^ 6 .0 2  d (6 .0) 6.74 d (5 .5 )
H-5 2.80 br d (11.2) 2.51 d (11.2) 3 .06  d (11.2)
H-6 4 .4 6  dd ( U . 2 ; 9 . 0 ) 4.73 dd ( 1 1 .2 ; 9 .2 ) 4.77 dd ( 1 1 .2 ; 9 .0 )
H-7 3.41 dddd ( 9 . 0 ; 3 .0 ; 3 .4 ; 3 .4 ) 3.58 m 3.40 m
H-8 5.84 dd ( 6 . 5 ;3 .0) 5.65 m** 5.64 m
H-9a 3.18 dd ( 14 .5 ;4 .0 ) 2.21 dd (1 4 .5 ;4 .0 )
* 5.65 dd ( 6 .5 ; 1 .5 )
H-9b 2 .46  dd ( 1 4 . 5 ;2 .5) 2 . 0 0 - 2 . 1 0 ^
H-l 3a 6.29 d (3 .8 ) 6.31 d (3 .5 ) 6.35 d (3 .3 )
H-13b 5.54 d (3 .4 ) 5 .66  d (3 .5 ) 5.67 d (3 .2 )
H-l 4a
2.00 d (1 .5 )
4.91 br s 5.01 br s
H- 14b 4.88 br s 4.99 br s
H-15 1.97 br 1.41 s 1.61 s
OTig 6.71 qq ( 7 .5 ; 1 .8 ) 6.76 qq ( 7 .5 ; 2 .0 ) 6.75 q q ^
1.77 br 1.80 br s 1.80 br
1.75 br 1.77 br s 1.77 br
OAc — — 2 .1 0  s
OAc' ---------- ---------- 2.05 s
♦Chemical s h i f t s  are recorded in ppm r e la t iv e  to  TMS. Coupling constants(JJ or l in e  
separations  in Hz are given in parentheses.  M ult iple ts  are given by the usual symbols.
♦♦Obscured by other s i g n a l s .
Table 4 - 2 .  NMR sp ec tra l  data* of  compounds 81 and 85.
81 85
C -l 7 2 .7a d 8 5 .8 a s
C-2 3 8 .7C t 1 4 0 .2C d
C-3 7 2 .5 a d 1 3 8 .2 °  d
C -4 1 3 9 .9  s 8 2 . l a s
C-5 1 2 6 .4  d 6 6 .8b d
C -6 7 4 .8b d 67. &  d
C-7 4 7 .5  d 4 6 .4  d
C -8 7 6 .8 b d 7 6 .9 b d
C-9 3 6 .4 °  t 3 6 .0  t
C-10 1 4 3 .2  S 1 3 4 .8  s
C - l l 1 4 4 .4  s 144 .1  s
C-12 1 7 1 .0  s 1 6 9 .8  s
C—13 1 2 5 .4  t 1 2 2 .6  t
C-14 1 1 8 .7  t 1 1 6 .9  t
C—15 2 3 .7  q 2 4 .0  q
C - l ' 1 6 7 .9  S 1 6 6 .9  S
C -2 ' 1 3 8 .2  s 1 3 8 .8  S
C -3 ' 1 3 9 .7  d 1 3 4 .8  d
C -4 ' 1 5 .4d q 1 4 .4d q
C -5 ' 1 2 .6 0  q 1 2 .0d q
s h i f t s  a r e  g iv en  in  ppm r e l a t i v e  t o  TMS a s  d e te rm in e d  by p ro to n  n o is e  
d e c o u p lin g .  Peak m u l t i p l i c i t y  was o b ta in e d  by o f f - r e s o n a n c e  d e c o u p lin g  
( 2 .5  ppm above TMS).
a_tlA ssig n m en ts  in t e r c h a n g e a b le .
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On t h e  b a s i s  o f  t h e  c l o s e  s i m i l a r i t i e s  o f  t h e  *H NMR and *~*C NMR 
s p e c t r a  of  compound 81 w i t h  t h o s e  o f  s u b c o r d a t o l i d e  A ( 5 6 ) ,  t o g e t h e r  
w i t h  t h e  p a r a m a g n e t i c  a c e t y l a t i o n  s h i f t s  o b s e r v e d  i n  t h e  d i a c e t a t e  
82 f o r  H-5 and H-15,  t h e  s t r u c t u r e  and s t e r e o c h e m i s t r y  shown i n  81 
w e re  p r o p o s e d .
S o l i d a g i n o l i d e  A ( 8 3 ) ,  C2 QH2 4 O7 , i s  a gum w i t h  an IR s p e c t r u m
t h a t  shows t h e  p r e s e n c e  o f  h y d roxy l  g r o u p ( s )  (3640 and 3600 cm” * ) ,  a
1 1 
Y -lac ton e  (1760 cm ) ,  an unsaturated  e s t e r  (1700 cm ” ) ,  and carbon-
c a r b o n  d o u b l e  b o n d ( s )  (1650 and 1605 cm” * ) .  The *H NMR s p e c t r u m
( F i g u r e  4 - 6 )  c o r r o b o r a t e d  t h e  p r e s e n c e  o f  an a - m e t h y l e n e - y - l a c t o n e
m o i e t y  by e x h i b i t i n g  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 4  (H-13a)  and
5 .4 7  ( H - 1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 3 . 7 4  ( H - 7 ) .  The
u n s a t u r a t e d  e s t e r  s i d e  c h a i n  was i d e n t i f i e d  as  a t i g l a t e  g roup  on t h e
b a s i s  o f  t h e  c h a r a c t e r i s t i c  *H NMR s i g n a l s  (a o n e - p r o t o n  q u a r t e t  o f
q u a r t e t s  a t  6 6 . 8 6 , and two t h r e e - p r o t o n  v in y l  methyl  s i g n a l s  a t  6
1 .7 6  and 1 . 7 9 ) ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  peaks  a t  jm/z_ 83 
1 ?(A ) and 55 (A ) .  D e t a i l e d  s p i n  d e c o u p l i n g  e x p e r i m e n t s  i n  CDC13 and
b e n z e n e - d g  a l l o w e d  t h e  a s s i g n m e n t s  o f  a l l  *H NMR s i g n a l s ;  t h e  r e s u l t s
a r e  summ arized  i n  T a b l e  4 - 3 .  The mass s p e c t r u m  o f  83 showed no
m o l e c u l a r  i o n  peak and on ly  v e ry  weak h i g h - m a s s  p e a k s .  I t  was
d o m in a t e d  by a b a se  peak a t  m/z_ 111  which was a s s i g n e d  t o  
+ 5
^ 6**7**2 *"^e f ° r m a t i ° n o f  T h i s  s t r o n g  ion  can be a c c o u n t e d  f o r
by a f r a g m e n t a t i o n  o f  t h e  d i e p o x y  c y c l o p e n t a n e  m o ie ty  o f  83 ,  a s  shown 
i n  Scheme 4 - 1 .
The c he m ic a l  s h i f t s  and m u l t i p l i c i t i e s  o f  H-5 ( 6  2 . 8 6 ,  d ,
^ 5 ,  g= 10 .5  Hz) and H- 6  ( 6  4 . 7 2 ,  t ,  _Je, g=dg 7 =1 0 . 5  Hz) ,  t o g e t h e r  w i t h  
t h e  a b s e n c e  o f  a n g u l a r  methy l  s i g n a l s  i n  t h e  *H NMR s p e c t r u m ,
4*
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Scheme 4 -1 .  Mass spectral fragmentation of so l id a g in o l id e  A (83) .
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s u g g e s t e d  a g u a i a n o l i d e - t y p e  s k e l e t o n  w i t h  a t i g l a t e  e s t e r  s i d e
c h a i n .  Assuming t h a t  H-7 i s  a - o r i e n t e d  as  i n  a l l  known l a c t o n e s  from 
1 7h i g h e r  p l a n t s  , H- 6  s h o u l d  be 3 - o r i e n t e d  s i n c e  t h e  c o u p l i n g  c o n s t a n t  
( J g  7 =1 0 . 5  Hz) c l e a r l y  i n d i c a t e d  an a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  H- 6  
and H-7.  S i m i l a r l y ,  t h e  c o u p l i n g  c o n s t a n t  _Jg 5 =1 0 . 5  Hz a l s o  
s u p p o r t e d  an a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  H-5 and H-6 , and t h e r e f o r e  
an a - o r i e n t a t i o n  f o r  H-5.  On t h e  b a s i s  o f  c he m ica l  s h i f t  a r g u m e n t s ,  
t h e  e s t e r  s i d e  c h a i n  must  be a t t a c h e d  t o  C - 8 . F u r t h e r m o r e ,  t h e  sm a l l  
c o u p l i n g  c o n s t a n t  ( J j  g = 2 .5  Hz) s u g g e s t e d  an e q u a t o r i a l  d i s p o s i t i o n  
o f  H- 8  o r  a 3 - o r i e n t a t i o n  o f  t h e  C- 8  e s t e r  s i d e  c h a i n .  The c he m ica l  
s h i f t s  o f  H-14 (6  1 . 1 2 )  and H-15 ( 6  1 . 5 8 )  were i n  a c c o r d  w i t h  t h e  
p r e s e n c e  o f  an OH group a t  C -1 0 ,  and an e p o x i d e  f u n c t i o n  a t  C -4 ,  
r e s p e c t i v e l y .  A n a r ro w  d o u b l e t  (J_=l Hz) a t  6 3 . 6 0  (H-3)  which was 
c o u p l e d  t o  a b r o a d e n e d  o n e - p r o t o n  s i n g l e t  a t  3 .3 0  (H-2)  s u g g e s t e d
C - 7  £ Q
e p o x i d e  f u n c t i o n s  a t  C - l  and C-3 a s  i n  c a n i n  and a r t e c a n i n  .
A l th o u g h  t h e  a s s i g n m e n t s  o f  H-2 and H-3 in  83 m igh t  be i n t e r ­
c h a n g e a b l e ,  t h e i r  smal l  c o u p l i n g  c o n s t a n t  ( J 2  3 "  1 Hz) i n d i c a t e d  a 
c i s  r e l a t i o n s h i p .  The s t e r e o c h e m i s t r y  o f  t h e  e p o x i d e  f u n c t i o n s  and 
t h e  o r i e n t a t i o n  o f  t h e  h y d r o x y l  a t  C-10 i n  83 were  a s s i g n e d  by NMR 
s p e c t r a l  c o r r e l a t i o n  w i t h  c a n i n  ( 8 3 a )  and a r t e c a n i n  ( 8 3 b ) .  The 
l a r g e  c o u p l i n g  c o n s t a n t s 6 ancl 1^6 7 i n  compounds §3 ,  83a ,  
and 83b i n d i c a t e d  t h e  same s t e r e o c h e m i s t r y  a t  C -5 ,  C- 6  and C -7 .  The 
c h e m i c a l  s h i f t  o f  H-5 i n  compound 83 ( 6  2 . 8 6 )  i s  c o m p a r a b le  t o  t h a t  
o f  a r t e c a n i n  (83b )  ( 6  2 . 8 7 )  and 0 . 4 9  ppm d o w n f i e l d  from t h e  H-5 
s i g n a l  o f  c a n i n  ( 8 3 a )  ( 6  2 . 3 5 ) .  I t  must  t h e r e f o r e  be c o n c l u d e d  t h a t  
t h e  e p o x i d e  f u n c t i o n s  a t t a c h e d  t o  C - l  and C-3 a r e  a - o r i e n t e d  as  in  
a r t e c a n i n  ( 8 3 b ) .  D r e i d i n g  model c o n s i d e r a t i o n s  i n d i c a t e d  t h a t  a
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3 - o r i e n t e d  OH group  a t  C-10  would c a u s e  d e s h i e l d i n g  o f  H-6 from t h e  
normal  p o s i t i o n s ,  w h i l e  an a-OH a t  C-10  s h o u l d  have no e f f e c t .  The 
a p p e a r a n c e  o f  H-6 i n  compound 83 a t  a chem ica l  s h i f t  c o m p a r a b l e  w i t h  
t h a t  o f  83b was a s t r o n g  i n d i c a t i o n  o f  an a - o r i e n t e d  h yd roxy l  group 
a t  C -10 .  On t h e  b a s i s  o f  t h e  above  c o n s i d e r a t i o n s ,  t h e  s t e r e o -  




S o l i d a g i n o l i d e  B ( 8 4 ) ,  0 2 0 ^ 2 2 ^ 6 ’ e x h i b i t e d  i n  t h e  *H NMR 
s p e c t r u m  ( F i g u r e  4 - 7 )  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 3 0  (H-13a)  and 
5 .5 4  ( H - 1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 4 . 2 6  (H-7)  s u g g e s t i n g  
an a - m e t h y l e n e - y - l a c t o n e .  A s t r o n g  IR band a t  1760 cm” '*' c o r r o b o r a t e d  
t h e  p r e s e n c e  o f  a y - l a c t o n e  m o i e t y .  F u r t h e r  IR a b s o r p t i o n  bands a t  
1700 ,  1650 and 1605 cm- * i n d i c a t e d  t h e  p r e s e n c e  o f  an u n s a t u r a t e d  
e s t e r  s i d e  c h a i n  and d o u b l e  b o n d s .  As i n  t h e  c a s e  o f  compound 83,  
t h e  e s t e r  s i d e  c h a i n  was i d e n t i f i e d  a s  a t i g l i c  e s t e r  on t h e  b a s i s  of  
t h e  d i a g n o s t i c  *H NMR and MS s i g n a l s .  E x h a u s t i v e  s p i n  d e c o u p l i n g  
e x p e r i m e n t s  i n  CDC1 3 and  b e n z e n e - d g  a l l o w e d  t h e  a s s i g n m e n t s  o f  t h e  
b a s i c  s k e l e t o n  p r o t o n s  as  summ arized  i n  T a b l e  4 - 2 .
Com pari son  o f  t h e  *H NMR s p e c t r a  o f  compounds 83 and 84 showed 
m a jo r  d i f f e r e n c e s  o n l y  f o r  t h e  s i g n a l s  o f  H-9 and H-14 ( F i g u r e s  4 -6













Table 4 - 3 .  H NMR sp ectra l  data* of compounds 83 and 84.
83 84
c d c i 31 £C6D6
H-2 3.60 [2 .8 3 ]
H-3 3.30 [2 .6 2 ]
H-5 2 .86 [ 2 .5 8 ]
H-6 4.72 [4 .9 5 ]
H-7 3.74 [ 3 .4 7 ]
H-8 5.65 [5 .6 2 ]
H-9a 2.36 [1 .9 8 ]
H-9b 1 .86 [ 1 . 88]
H-13a 6.24 [6 .1 4 ]
H-13b 5.47 [5 .20]
H-14 1.12 [0 .5 7 ]
H-15 1.58 [1 .4 1 ]
OTig 6 .86 [6 .9 6 ]
1.79 [1 .7 1 ]
1.76 [1 .6 7 ]
d ( 1 . 0 ) 
br s
d (10 .5 )
dd (1 0 .5 ;1 0 .5 )
m
ddd ( 9 . 0 ; 2 . 5 ; 2 . 5 )  
dd ( 1 6 .0 ; 9 .0 )  
dd (1 6 .0 ; 2 .5 )  
d (4 .0 )  
d (3 .3 )  
s 
s




3.78 [3 .3 7 ] br s
3.72 [3 .2 9 ] br s
2.40 [2 .0 9 ] d (1 0 . 0 )
5.01 [5 .1 8 ] dd ( 10.0
4.26 [4 .1 4 ] m
6.08 [ 6 . 10] m
5.48 [5 .4 0 ] m
6.30 [6 .28 ] d (4 .0 )
5.54 [5 .26 ] d (3 .3 )
1.85 [1 .5 2 ] br s
1.60 [1 .36 ] s
6.78 [6 .8 2 ] qq (7 .5;
1.76 [1 .6 9 ] br
1.75 [1 .6 4 ] br
10.0 )
. 0 )
♦Spectra were run at ambient temperature at 200 MHz and TMS was used as 
internal standard. Values are in ppm r e l a t i v e  to TMS and f igures  in 
parentheses are coupling constants  or l i n e  separations in Hz.
1 0 0
and 4 - 7 ) .  The H-9 p r o t o n  a b s o r p t i o n s ,  which in  83 were  r e p r e s e n t e d  
by two o n e - p r o t o n  d o u b l e t  o f  d o u b l e t s  a t  6 2 .3 6  (H-9a)  and 1 .8 6  
( H - 9 b ) ,  a p p e a r e d  in  compound 84 as  a o n e - p r o t o n  m u l t i p l e t  a t  6 5 .4 8  
c l e a r l y  i n d i c a t i n g  i t s  o l e f i n i c  n a t u r e .  F u r t h e r m o r e ,  t h e  H-14 s i g n a l  
which i n  83 was a t h r e e - p r o t o n  s i n g l e t  a t  5 1 . 1 2 ,  a p p e a r e d  in  84 as  a 
b r o a d e n e d  t h r e e - p r o t o n  s i n g l e t  a t  6 1 .8 5  which  s h a r p e n e d  upon 
i r r a d i a t i o n  o f  t h e  H-9 s i g n a l  a t  6 5 . 4 8 .  The d o w n f i e l d  s h i f t  o f  t h e  
H-7 and H-8 s i g n a l s  i n  compound 84 when compared t o  83 can be 
e x p l a i n e d  from s t e r e o m o d e l  c o n s i d e r a t i o n s  b e c a u s e  t h e  d e s h i e l d i n g  o f  
t h e s e  p r o t o n s  i s  c a u s e d  s o l e l y  by t h e  a - o r i e n t a t i o n  o f  t h e  e p o x i d e  
f u n c t i o n s  a t  C - l  and C - 3 .  Based on t h e  above  a r g u m e n t s ,  t h e  s t e r e o -  
s t r u c t u r e  84 f o r  was p o s t u l a t e d  s o l i d a g i n o l i d e  B.
4 . 3  E x p e r i m e n t a l
4 . 3 . 1  I n s t r u m e n t a t i o n
Al l  t h e  p h y s i c a l  and s p e c t r a l  d a t a  r e p o r t e d  i n  t h i s  c h a p t e r ,  
were  o b t a i n e d  w i t h  t h e  same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were 
d e s c r i b e d  in  2 . 4 . 1 .
4 . 3 . 2  I s o l a t i o n  o f  compounds from C. s o l i d a g i n e a .
C a l e a  s o l i d a g i n e a  Kunth was c o l l e c t e d  on December 12 ,  1979 in  
Sa lom ,  V e n e z u e la  (L.  U r b a t s c h ,  No. 3466,  v o u c h e r  d e p o s i t e d  a t  LSU, 
U . S . A . ) .  728 g o f  g round  a i r - d r i e d  p l a n t  m a t e r i a l  were e x t r a c t e d  and
AC
w o r k e d -u p  a s  d e s c r i b e d  p r e v i o u s l y  , and p r o v i d e d  8 . 0  g o f  c r u d e  
e x t r a c t .  The c r u d e  s y r u p  was c h ro m a to g r a p h e d  on s i l i c a  gel  w i t h  
h e x a n e - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y .  F i f t y  f r a c t i o n s  o f  
200 ml e a c h  were  c o l l e c t e d .
F r a c t i o n s  9 -11  (46 mg) were combined and r e c h r o m a t o g r a p h e d  by
p r e p a r a t i v e  TLC w i t h  c h l o r o f o r m - a c e t o n e  ( 9 5 : 5 )  y i e l d i n g  7 mg o f  
8 - e p i - 8 - t i g l y l r u p i c o l i n  A( 8 0 ) .  E v a p o r a t i o n  o f  t h e  s o l v e n t  o f  
f r a c t i o n s  15-18  gave 90 mg o f  a c e c e t i n ( 6 4 ) .  P r e p a r a t i v e  TLC on 
s i l i c a  gel o f  f r a c t i o n s  19 -24 (80 mg) w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 )  
a f f o r d e d  36 mg o f  h e l i a n g i n e  ( 7 9 ) ,  8  mg o f  s o l i d a g i n o l i d e  A (83 )  and  
7 mg o f  s o l i d a g i n o l i d e  B ( 8 4 ) .  F r a c t i o n s  25-29  (420  mg) were  f u r t h e r  
p u r i f i e d  by TLC on s i l i c a  ge l  w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 ) ,  y i e l d i n g  
150 mg o f  d e s a c y l - 8 - t i g l y l s u b c o r d a t o l i d e  A ( 8 1 ) .  The same p r o c e d u r e  
a p p l i e d  f o r  f r a c t i o n s  30 -35  (800 mg) gave 240 mg o f  c a l b e r t o l i d e  C
( 8 5 ) .
/v/v
8 - e p i - 8 - t i g l y l r u p i c o l  i n  A ( 8 0 ) .  C2 qH2 4 05 , gum; UV x nm:
s t r o n g  end a b s o r p t i o n ;  IR v 2 ^ 3  cm"*: 3580 (OH), 3500 (OH, b r o a d ) ,
m a X
1760 ( y - l a c t o n e ) ,  1705 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d s ) ,  1145 
( t e r t i a r y  a l c o h o l ) ;  EIMS ( p r o b e )  ( r e l .  i n t . ) :  344 [M]+ ( 0 . 2 ) ,  326 
[M-H2 0 ] + ( 0 . 1 ) ,  244 [M-A]+ ( 4 . 5 ) ,  229 [M-A-Me]+ ( 2 . 1 ) ,  226 [M-A-H2 0 ] + 
( 2 . 9 ) ,  201 [M-A-Me-C0]+ ( 2 . 1 ) ,  198 [M-A-H2 0 - C 0 ] + ( 1 . 4 ) ,  83 [ A 1] +
( 1 0 0 . 0 ) ,  55 [ A " ] + ( 2 3 . 4 ) .
D e s a c y l - 8 - t i g l y l s u b c o r d a t o l i d e  A ( 8 1 ) .  C ^ H ^ O g ,  gum;
UV nm: s t r o n g  end  a b s o r p t i o n ;  IR v v ^ cm"1 : 3595 (OH), 3460
I t iaX  fTlaX
(0 H ) ,  1760 ( y - l a c t o n e ) ,  1705 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  
EIMS ( p r o b e )  ( r e l .  i n t . ) :  360 [M]+ ( 0 . 3 ) ,  345 [M-Me]+ ( 3 . 4 ) ,  260 
[M-A]+ ( 3 . 3 ) ,  245 [M-A-Me]+ ( 2 . 4 ) ,  242 [M-A-H2 0 ] + ( 1 6 . 2 ) ,  227 
[M-A-H20-Me]+ ( 5 . 8 ) ,  199 [M-A-H20-Me-C0]+ ( 6 . 7 ) ,  83 [A1 ] + ( 1 0 0 . 0 ) ,  55 
[A2 ] + ( 2 7 . 4 ) .
CHClo
Pi  a c e t a t e  ( 8 2 ) .  C2 4 H2 8 0 8 , gum; IR xmax cm"1 : 1765 ( y-
l a c t o n e ) ,  1730 ( s a t u r a t e d  e s t e r ) ,  1710 ( u n s a t u r a t e d  e s t e r ) ,  1660 ,
1645 ( d o u b l e  b o n d s ) ;  EIMS ( p r o b e )  ( r e l .  i n t . ) :  385 [M-Ac0]+ ( 0 . 5 ) ,
1 0 2
384 [M-AcOH]+ ( 0 . 3 ) ,  344 [M-A]+ ( 1 . 2 ) ,  343 [M-Ac0-CH2 =C0]+ ( 0 . 7 ) ,  342 
[M-AcOH-CH2 =CO]+ ( 1 . 5 ) ,  285 [M-A-Ac0]+ ( 0 . 6 ) ,  284 [M-A-AcOH]+ ( 1 . 6 ) ,
243 [M-A-Ac0-CH2 =C0]+ ( 4 . 8 ) ,  242 [M-A-AcOH-CH2 =CO]+ ( 1 6 . 5 ) ,  226 
[M-A-Ac0-Ac0]+ ( 5 . 2 ) ,  225 [M-A-Ac0H-Ac0]+ ( 1 2 . 5 ) ,  224 [M-A-AcOH- 
AcOH]+ ( 9 . 2 ) ,  83 [A1 ] + ( 1 0 0 . 0 ) ,  55 [A2 ] + ( 2 1 . 7 ) ,  43 [A c ]+ ( 1 9 . 3 ) .
S o l i d a g i n o l i d e  A ( 8 3 ) .  C2 0 H2 4 0 y ,  gum; UV X Me0H nm: s t r o n g  end
a b s o r p t i o n ;  IR v JJJCI3 cm- 1 : 3640 (OH), 3600 (OH, b r o a d ) ,  1760 ( y -
l u a  a
l a c t o n e ) ,  1700 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ,  1605 ( d o u b l e  
b o n d ) ,  1140 ( C - 0 - C ) ;  EIMS ( p r o b e )  ( r e l .  i n t . )  : 276 [M-A]+ ( 0 . 2 ) ,
258 [M-A-H2 0 ] + ( 0 . 3 ) ,  230 [M-A-H2 0 - C 0 ] + ( 0 . 5 ) ,  202 [M-A-H2 0 - 2 C 0 ] +
( 1 . 0 ) ,  111 [C6 H7 0 2 ] + ( 1 0 0 . 0 ) ,  83 [ A ' ] + ( 6 8 . 6 ) ,  55 [ A " ] + ( 1 8 . 4 ) .
S o l i d a g i n o l i d e  B ( 8 4 ) .  C2 qH2 2 0 6 , gum; UV X Me0H nm: s t r o n g  end
a b s o r p t i o n ;  IR v ^ ^ 3  cm“ ^ :  1760 ( y - l a c t o n e ) ,  1700 ( u n s a t u r a t e d  
e s t e r ) ,  1650 ( d o u b l e  b o n d ) ,  1605 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  ( r e l .  
i n t . )  : 258 [M-A]+ ( 0 . 1 ) ,  240 [M-A-H2 0 ] + ( 0 . 1 ) ,  83 [A]+ ( 1 0 0 . 0 ) ,
55 [ A " ] + ( 2 4 . 7 ) .
Chapter 5
THE ISOLATION AND STRUCTURE DETERMINATION OF SESQUITERPENE 




5 . 1  I n t r o d u c t i o n
Two d i f f e r e n t  p o p u l a t i o n s  o f  C a le a  b e r t e r i a n a  DC. from V e ne z ue la  
w ere  c h e m i c a l l y  i n v e s t i g a t e d .  F i v e  compounds were  i s o l a t e d  from one 
o f  t h e  c o l l e c t i o n s ,  and seven  f rom t h e  o t h e r  o n e .  The s t r u c t u r e s  o f  
t h e  compounds i s o l a t e d  f rom  b o th  C. b e r t e r i a n a  p o p u l a t i o n s  a r e  shown 
i n  F i g u r e  5 - 1 .
C. b e r t e r i a n a  No. 1474 y i e l d e d ,  b e s i d e s  t h e  known f l a v o n e  
a c a c e t i n ^ 0 (64 )  and t h e  h e l i a n g o l i d e  h e l i a n g i n e ^  ( £ 9 ) ,  t h r e e  new 
s e s q u i t e r p e n e  l a c t o n e s :  a m o d i f i e d  h e l i a n g o l i d e ,  c a l b e r t o l i d e  C
( 8 5 ) ,  and two 7 , 8 - l a c t o n i z e d  g e r m a c r a n o l i d e s ,  c a l b e r t o l i d e  A (86 )  
and c a l b e r t o l i d e  B ( 8 7 ) .
C.  b e r t e r i a n a  No. 3455 by t h e  o t h e r  h a n d ,  a f f o r d e d  b e s i d e s  
a c a c e t i n * ^  ( 6 4 ) ,  t h e  h e l i a n g o l i d e  c a l b e r t o l i d e  C ( 8 5 ) ,  t h r e e  
g u a i a n o l i d e s ,  8 - e p i - 8 - t i g l y l r u p i c o l i n  A ( 8 0 ) ,  d e s a c y l - 8 -  
t i g l y l s u b c o r d a t o l i d e  A (8 1 )  and 8 - e p i - 8 - t i g l y l  r u p i c o l  i n  B ( 8 8 ) ,  a 
v e ry  u n u s u a l  1 , 4 - d i o x i n  d e r i v a t i v e ,  c a l e t e u c r i n  ( 8 9 ) ,  and a new 
b e n z o f u r a n e  d e r i v a t i v e ,  c a l e b e r t i n  ( 9 0 ) .  Two o f  t h e  t h r e e  i s o l a t e d  
g u a i a n o l i d e s ,  8 - e p i - 8 - t i g l y l r u p i c o l i n  A (80 )  and d e s a c y l - 8 - t i g l y l -  
s u b c o r d a t o l i d e  A (8 1 )  were  p r e v i o u s l y  i s o l a t e d  from C. s o l i d a g i n e a ,  
b u t  t h e  t h i r d  o n e ,  8 - e p i - 8 - t i g l y l r u p i c o l i n  B (88)  had no t  been 
r e p o r t e d  b e f o r e .  S i n c e  t h e  s t r u c t u r e s  o f  a l l  t h e  b e n z o f u r a n e s
p o  o p  o 7
i s o l a t e d  so  f a r  f rom C a l e a  s p e c i e s  » * were  b a s e d  on s p e c t r a l
a rg u m e n t s  and b i o g e n e t i c  c o n s i d e r a t i o n s ,  t h e  s t r u c t u r e  of  
c a l e b e r t i n  (9 0 )  was d e t e r m i n e d  by s i n g l e  c r y s t a l  X- ray  d i f f r a c t i o n  
a n a l y s i s .  The m o l e c u l a r  s t r u c t u r e  o f  c a l e t e u c r i n  (89 )  which  was 
f i r s t  i s o l a t e d  a s  an o i l  f rom  C. t e u c r i f o l i a  was a l s o  u n a m b i g u o u s ly  
e s t a b l i s h e d  by X - ray  a n a l y s i s .
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Figure 5-1 .  Compounds i s o l a t e d  from C. berteriana.
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5 .2  S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  Compounds I s o l a t e d  from Ca lea  
B e r t e r i  a n a .
D r i e d  a e r i a l  p a r t s  o f  C. b e r t e r i a n a  No. 1474 and C. b e r t e r i a n a  
No. 3455 were e x t r a c t e d  and  worked up s e p a r a t e l y  by means o f  t h e  
s t a n d a r d  p r o c e d u r e  o u t l i n e d  i n  Scheme 2 . 3 . 2  t o  y i e l d  t h e  c r u d e  
t e r p e n o i d  e x t r a c t s  t h e  NMR s p e c t r a  o f  which a r e  shown in  F i g u r e s  
5 -2  and 5 - 3 .
Column c h r o m a to g r a p h y  f r a c t i o n a t i o n  o f  t h e  c ru d e  e x t r a c t s ,  
f o l l o w e d  by t h e  p u r i f i c a t i o n  p r o c e s s e s  d e s c r i b e d  in  t h e  e x p e r i m e n t a l
s e c t i o n ,  l e d  t o  t h e  i s o l a t i o n  o f  t h e  compounds shown i n  F i g u r e  5 - 1 .
The known compounds 64 ,  79,  80 ,  81 and 89 were  c h a r a c t e r i z e d  by
<•** ✓>. r>. in  / \ / s  /v  r*»
c o m p a r i s o n  o f  t h e i r  NMR, MS and IR s p e c t r a l  d a t a  w i t h  t h o s e  of  
a u t h e n t i c  s a m p le s  and w i t h  t h e  d a t a  r e p o r t e d  i n  t h e  l i t e r a t u r e .  The 
s t r u c t u r e  o f  t h e  new compounds was e s t a b l i s h e d  by s p e c t r o s c o p i c  
m ethods  as  i t  i s  d i s c u s s e d  be low .
C a l b e r t o l i d e  A ( 8 6 ) ,  d i s p l a y e d  in  t h e  200 MHz NMR
s p e c t r u m  ( F i g u r e  5 - 4 )  two o n e - p r o t o n  d o u b l e t s  a t  66 .32  (H-13a)  and 
5 . 6 3  ( H - 1 3 b ) ,  and a m u l t i p l e t  a t  6 2 .7 1  (H-7)  t h a t  a r e  c h a r a c t e r i s t i c  
o f  an a - m e t h y l e n e - y - l a c t o n e .  An IR band a t  1760 cm” ''' c o r r o b o r a t e d  
t h e  p r e s e n c e  o f  t h e  y - l a c t o n e  m o i e t y .  A b a se  peak a t  m/z_ 43 in  t h e  
mass s p e c t r u m ,  t o g e t h e r  w i t h  a t h r e e - p r o t o n  s i n g l e t  a t  6 2 . 1 0  in  t h e  
*H NMR s p e c t r u m  o f  86 i n d i c a t e d  t h e  p r e s e n c e  o f  an a c e t a t e  s i  d e - c h a i n  
i n  c a l b e r t o l i d e  A. D e t a i l e d  ^H NMR d o u b l e  r e s o n a n c e  e x p e r i m e n t s  
a l l o w e d  t h e  s t r u c t u r a l  a s s i g n m e n t s  which a r e  summarized  i n  T a b l e  5 - 1 .
I r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  6 2 .7 1  (H-7)  c o l l a p s e d  t h e  two 
H-13 d o u b l e t s  a t  6 6 . 3 2  and 5 .6 3  t o  s i n g l e t s ,  s i m p l i f i e d  t h e  d o u b l e t  
o f  d o u b l e t  o f  d o u b l e t s  a t  4 .3 1  (H-8)  t o  a b r o a d e n e d  d o u b l e t ,  and a l s o
Figure 5-2 . (HR spectrum o f th e  crude e x tr a c t  o f C. b e r te r ia n a  
(Ho. 1474).
Figure 5-3 . *H (HR spectrum o f the  crude e x tr a c t  o f C. b e r te r ia n a  
(No. 3455).
a f f e c t e d  bo th  m u l t i p l e t s  a t  3 . 0 - 3 . 3 0  (H-6a)  and 2 . 3 0 - 2 . 5 0  ( H - 6 b ) .  On
t h e  b a s i s  o f  c he m ic a l  s h i f t  a rg u m e n ts  t h e  s i g n a l  a t  6 4 .3 1  was
a s s i g n e d  t o  t h e  p r o t o n  on t h e  l a c t o n i c  c a rb o n  ( H - 8 ) .  Double  
i r r a d i a t i o n  a t  6 4 .3 1  (H-8)  s h a r p e n e d  t h e  H-7 m u l t i p l e t  a t  6 2 .7 1  and
t h e  two o n e - p r o t o n  m u l t i p l e t s  a t  6 3 . 3 4  (H-9a)  and 2 . 2 0 - 2 . 5 0  
( H - 9 b ) .  In r e t u r n ,  i r r a d i a t i o n  a t  6 2 . 4 0  ( c e n t e r  o f  t h e  H-9b 
m u l t i p l e t )  c o l l a p s e d  t h e  d o u b l e t  o f  t r i p l e t s  a t  6 3 . 3 4  (H-9a)  t o  a 
b r o a d e n e d  s i n g l e t ,  s i m p l i f i e d  t h e  H-8 s i g n a l  a t  6 4 . 3 1 ,  and s h a r p e n e d  
t h e  b r o a d  s i n g l e t s  a t  <S 5 . 9 3  (H-14a)  and 5 .8 2  ( H - 1 4 b ) .  I r r a d i a t i o n  
o f  t h e  c e n t e r  o f  t h e  H-6a m u l t i p l e t  ( 3 . 1 5 )  c o l l a p s e d  t h e  b road  
d o u b l e t  o f  d o u b l e t s  a t  6 5 . 3 5  (H-5)  t o  a b r o a d e n e d  d o u b l e t  and 
s i m p l i f i e d  t h e  r e g i o n  o f  6 2 . 3 0 - 2 . 5 0  ( H - 6 b ) .  S a t u r a t i o n  o f  t h e  
c e n t e r  o f  t h e  H-6b s i g n a l  a t  6 2 . 4  a l s o  c o l l a p s e d  t h e  H-5 b road  
d o u b l e t  o f  d o u b l e t s  a t  6 5 .3 5  t o  a d o u b l e t ,  and s i m p l i f i e d  t h e  H-6a 
m u l t i p l e t  ( 3 . 0 - 3 . 3 ) .  C o n v e r s e l y ,  i r r a d i a t i o n  o f  t h e  d o u b l e t  o f  
d o u b l e t s  a t  6 5 .3 5  (H-5)  n a r row ed  bo th  r e g i o n s  be tw een  6 3 . 0 - 3 . 3  
( H -6 a )  and 2 . 3 - 2 . 5  ( H - 6 b ) ,  and s h a r p e n e d  t h e  b r o a d e n e d  m e t h y le n e  
s i n g l e t  a t  4 . 5 6  ( H - 1 5 ) .
The ^H NMR s p e c t r a l  d a t a  p r e s e n t e d  a b o v e ,  t o g e t h e r  w i t h  t h e  
o t h e r  s p e c t r o s c o p i c  e v i d e n c e  c l e a r l y  i n d i c a t e d  a g e r m a c r a n o l i d e  
s t r u c t u r e  w i t h  an a ,  3 - u n s a t u r a t e d  y - l a c t o n e ,  an e n d o c y c l i c  d o u b l e  
bond ,  a c o n j u g a t e d  e x o c y c l i c  m e t h y l e n e ,  and an a c e t a t e  m o i e t y .  On 
t h e  b a s i s  o f  c he m ica l  s h i f t s  a rg u m e n ts  t h e  a c e t a t e  g roup  must  be 
a t t a c h e d  a t  C - 1 5 .  The p r e s e n c e  o f  an a ,  g - u n s a t u r a t e d  k e t o n e  
c o n t a i n i n g  an e x o c y c l i c  m e t h y l e n e  (C-14)  was de duc ed  from t h e  ^H NMR 
s p e c t r u m  o f  86 ,  which  showed a b r o a d e n e d  o n e - p r o t o n  s i n g l e t  a t  6 5 . 9 3  
(H -14a )  and a na r row  d o u b l e t  a t  6 5 . 8 2  (H -14b)  c h a r a c t e r i s t i c  o f
OAc
Figure 5 -4 .  AH NMR spectrum o f  c a lb e r t o l id e  A (8 6 )
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c o n j u g a t e d  e x o c y c l i c  m e t h y l e n e  v i n y l  p r o t o n s  a s  e x e m p l i f i e d  by 
d e h y d r o a r t e m o r i n 6 9 . Based on t h e  m u l t i p l i c i t i e s  o f  t h e  v i n y l  p r o t o n  
H-5 (dd)  and t h e  l a c t o n i c  p r o t o n  H-8 ( d d d ) ,  c a l b e r t o l i d e  A (86)  can
rv/v
be r e p r e s e n t e d  a s  a 7 , 8 - l a c t o n e  s i n c e  t h e  s p i n  d e c o u p l i n g  e x p e r i m e n t s  
c l e a r l y  i n d i c a t e d  t h a t  t h e  c a r b o n s  b e a r i n g  H-5 and  H-8 were  b o th  
l i n k e d  t o  m e t h y l e n e  g r o u p s .  A l t h o u g h  t h e  c o n f o r m a t i o n a l  
u n c e r t a i n t i e s  i n  t h e  g e r m a c r a n o l i d e  8(5 do n o t  p e r m i t  u n e q u i v o c a l  
s e l e c t i o n  o f  s t e r i c  d i s p o s i t i o n s ,  t h e  sm a l l  v a l u e  o f  t h e  c o u p l i n g  
c o n s t a n t  g = 4 Hz i n d i c a t e d  an e q u a t o r i a l  o r i e n t a t i o n  o f  t h e  
p r o t o n  a t  C-8 and t h e r e f o r e  a c i s - f u s i o n  o f  t h e  1 2 , 8 - l a c t o n e .
S t e r e o m o d e l  c o n s i d e r a t i o n s  s u g g e s t e d  t h a t  t h e  H-5 s i g n a l  s h o u l d  be 
more s t r o n g l y  d e s h i e l d e d  by t h e  a c e t a t e  c a r b o n y l  a t  C - 15 when t h e
4 , 5 - d o u b l e  bond i s  c i s  r a t h e r  t h a n  t r a n s .  However ,  i n  c a l b e r t o l i d e  
A ( 8 6 ) ,  t h e  c h e m ic a l  s h i f t  o f  H-5 c o r r e s p o n d s  w e l l  t o  t h o s e  o f  
s t r u c t u r a l l y  s i m i l a r  g e r m a c r o l i d e s  r e p o r t e d  i n  t h e  l i t e r a t u r e 2 2 *70 
s u g g e s t i n g  a 4 , 5 - t r a n s  d o u b l e  bond .
C a l b e r t o l i d e  B ( 8 7 ) ,  C1yH2oOg,  was a gum which  i n  t h e  *H NMR 
s p e c t r u m  ( F i g u r e  5 - 5 )  showed s i g n a l s  t y p i c a l  o f  an a - m e t h y l e n e - y -  
l a c t o n e  ( two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 3 4  and  5 . 6 0 ,  and a H-7 
m u l t i p l e t  a t  6 2 . 7 1 ) .  T h i s  was f u r t h e r  c o n f i r m e d  by an IR a b s o r p t i o n  
a t  1770 cm"*. O t h e r  IR bands  i n d i c a t e d  an e s t e r  (1730 c m " * ) ,  and a
a , g - u n s a t u r a t e d  k e t o n e  (1680  c m "* ) .  The e s t e r  s i d e - c h a i n  had t o  be
an a c e t a t e  g roup  on t h e  b a s i s  o f  a c h a r a c t e r i s t i c  t h r e e - p r o t o n  
s i n g l e t  a t  6 2 . 1 6 ,  t o g e t h e r  w i t h  a b a s e  peak a t  m/z_ 43 i n  t h e  mass 
s p e c t r u m  o f  compound 8 7 .  The *H NMR s p e c t r u m  o f  c a l b e r t o l i d e  B
( 8 7 )  ( F i g u r e  5 - 5 )  was v e ry  s i m i l a r  t o  t h e  one o f  c a l b e r t o l i d e  A
( 8 6 ) ,  e x c e p t  t h e  s i g n a l s  due t o  H-5 and  H-15.  The v i n y l i c  H-5 s i g n a l
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i n  86 was r e p l a c e d  i n  87 by a o n e - p r o t o n  d o u b l e t  o f  d o u b l e t s  a t  6 
2 . 7 4 ,  t h e  chem ica l  s h i f t  o f  which i s  i n  a g re e m e n t  w i t h  a p r o t o n  on an 
e p o x i d e  r i n g .  The t w o - p r o t o n  b ro ad  s i n g l e t  a t  6 4 .5 6  c o r r e s p o n d i n g  
t o  H-15 i n  86 a p p e a r e d  in  87 as  a t y p i c a l  AB p a t t e r n  s u g g e s t i n g  a
4 , 5 - e p o x i d e  m o ie ty  i n  compound 87 .  On t h e  b a s i s  of  t h e  above 
s p e c t r a l  d a t a  and t h e  e l e m e n t a l  c o m p o s i t i o n ,  c a l b e r t o l i d e
B (87 )  can be f o r m u l a t e d  as  t h e  4 , 5 - e p o x i d e  d e r i v a t i v e  o f  
c a l b e r t o l i d e  A.
C a l b e r t o l i d e  C ( 8 5 ) ,  C20^26^6 was a gum w i t h  an IR s p e c t r u m  t h a t
i n d i c a t e d  t h e  p r e s e n c e  o f  a b s o r p t i o n  bands  a t  3420 cm"* ( b r o a d ,
1 1 
h y d ro x y l  g r o u p s ) ,  1755 cm ( y - l a c t o n e ) ,  1710 cm ( u n s a t u r a t e d
e s t e r ) ,  and 1650 cm” *.  The a - m e t h y l e n e - y - l a c t o n e  g r o u p i n g  was
f u r t h e r  c o n f i r m e d  by t h e  *H NMR s p e c t r u m  o f  85 which e x h i b i t e d  two
o n e - p r o t o n  d o u b l e t s  a t  6 6 . 3 3  (H -13a)  and 5 .7 5  ( H - 1 3 b ) ,  and a
m u l t i p l e t  a t  6 3 .11  ( H - 7 ) .  The e s t e r  s u b s t i t u e n t  was a s s i g n e d  t o  a
t i g l a t e  group on t h e  b a s i s  o f  t h e  d i a g n o s t i c  *H NMR s i g n a l s  (a on e -
p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 6 . 8 2 ,  a t h r e e - p r o t o n  b r o a d  s i n g l e t  a t
6 1 . 7 8 ,  and a t h r e e - p r o t o n  s i n g l e t  a t  6 1 . 7 6 ) ,  t o g e t h e r  w i t h
1 2c h a r a c t e r i s t i c  mass s p e c t r a l  p e a k s  a t  m/z_ 83 (A ) and 55 (A ) .  
A s s i g n m e n t s  o f  t h e  *H NMR s p e c t r u m  s i g n a l s  ( F i g u r e  5 - 6 )  were  o b t a i n e d  
by d e t a i l e d  s p i n  d e c o u p l i n g  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  
i n  T a b l e  5 - 1 .
The *H NMR s p e c t r a l  d a t a  o f  c a l b e r t o l i d e  C (85 )  i n d i c a t e d  t h e  
p r e s e n c e  o f  two e x o c y c l i c  m e t h y le n e  g r o u p s ,  two p r o t o n s  on c a r b o n s  
b e a r i n g  an hy d ro x y l  g r o u p ,  a methyl  g roup  on a d o u b l e  bond,  and a 
t i g l a t e  e s t e r  s i d e - c h a i n .  A d i s t i n c t  f e a t u r e  o f  t h e  *H NMR s p e c t r u m  
o f  c a l b e r t o l i d e  C (85 )  was t h e  p r e s e n c e  o f  H-7 a s  a na r row  m u l t i p l e t
113
Figure







5-7 . NMR spectrum of 8 -e p 1 -tig ly lru p lc o l1 n  B (88)
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a t  6 3 .1 1  (J7 }i 3 a =2 - 5  Hz and J j  i 3 b =^*0 Hz) .  T h e s e  smal l  c o u p l i n g s  
t o g e t h e r  w i t h  t h e  small  c o u p l i n g  c o n s t a n t  ( J ^  y=2 . 0  Hz) a r e  t y p i c a l  
a b s o r p t i o n s  f o r  h e l i a n g o l i d e s  which p o s s e s s  a 1 2 , 6 a - l a c t o n e  and a
4 , 5 - c i s - d o u b l e  b o n d ^ .  Com pari son  o f  t h e  *H NMR s p e c t r u m  o f  85 w i t h  
t h e  c o - o c c u r r i n g  h e l i a n g i n e  ( 7 9 ) ,  showed t h a t  b o t h  were  v e ry  s i m i l a r  
w i t h  d i s t i n c t  d i f f e r e n c e s  i n  t h e  H- l  s i g n a l s  which e x p e r i e n c e d  a 
p a r a m a g n e t i c  s h i f t  f rom 6 2 .6 5  in  h e l i a n g i n e  ( ? 9 )  t o  6 4 . 0 9  i n  
compound 8 5 .  F u r t h e r m o r e ,  a d o w n f i e l d  s h i f t  o f  t h e  C-10-Me p r o t o n s  
from 6 1 . 5 0  i n  79 t o  a p a i r  o f  o n e - p r o t o n  b r o a d e n e d  s i n g l e t s  a t  6 
5 . 5 1  (H-14a)  and  5 . 1 3  (H-14b)  i n  c a l b e r t o l i d e  C (85 )  was o b s e r v e d .
T h e s e  d i f f e r e n c e s  c l e a r l y  i n d i c a t e d  t h e  p r e s e n c e  o f  a  hy d ro x y l  group 
a t  C - l  and an e x o c y c l i c  m e t h y l e n e  a t  C -1 0 .  S i n c e  t h e  s p e c t r a  
o f  85 and  79 were  n e a r l y  s u p e r i m p o s a b l e  f o r  a l m o s t  a l l  o f  t h e  
s i g n a l s ,  e x c e p t  t h e  ones  m e n t io n e d  a b o v e ,  t h e  s t e r e o c h e m i s t r y  m us t  be 
t h e  same on t h e  c h i r a l  c e n t e r s  C - 6 , C - 7 , C - 8 , a n d  C -1 0 .  The 
s t e r e o c h e m i s t r y  a t  C - l  was t e n t a t i v e l y  s u g g e s t e d  on t h e  b a s i s  o f  t h e  
c o u p l i n g  c o n s t a n t s  (Jj_ 2= 1 1 .5  and 3 . 0  Hz) which  i n d i c a t e d  a 
e - o r i e n t a t i o n  f o r  t h e  OH group  a t  C - l .  T h i s  was f u r t h e r  s u p p o r t e d  by 
t h e  n o t i o n  t h a t  85 m us t  be b i o g e n e t i c a l l y  d e r i v e d  from h e l i a n g i n e  
(79)  by an e l i m i n a t i o n  p r o c e s s  which i n v o l v e s  o p e n i n g  o f  t h e  1 ( 1 0 ) -
1 O
e p o x i d e  f u n c t i o n s .  The i J C NMR s p e c t r a l  d a t a  o f  c a l b e r t o l i d e  C, 
p r e s e n t e d  i n  T a b l e  4 - 2 ,  a r e  i n  c o m p l e t e  a g r e e m e n t  w i t h  t h e  
s t r u c t u r e  85 .
8 - e p i - t i g l y l r u p i c o l i n  B ( 8 8 ) ,  C2qH2405 , i s  a 9um W1th an IR
s p e c t r u m  showing a t e r t i a r y  a l c o h o l  (3570 and  1150 cm- 1 ) ,  a y - l a c t o n e
1 1 
(1765 cm ) ,  an u n s a t u r a t e d  e s t e r  (1705 cm ) and  c a r b o n - c a r b o n
u n s a t u r a t i o n  (1660 cm- 1 ) .  The ^  NMR s p e c t r u m  ( F i g u r e  5 - 7 )
T a b l e 5 - 1 .  XH NMR
85
<■*<*»
s p e c t r a l  d a t a *  o f  compounds 8 5 ,  86 ,
86 87
87 and 88 .  
88
H-l 4.09 dd (11.5-.3.0) •  «  -■  «
H-2a 3.22 dd (13 .0 ;5 .0 ) 3.04 dd (1 3 .0 ;5 .5 ) 2.40 ddd (1 5 .0 ;1 1 .5 ;3 .0 ) 2.92 br d (17 .5)
H-2b 2.53* 2.46-1.60* 2.10* 2.48 br d (17.5)
H-3a 2.50-2.56* 1.49-2.63* 4.53 dd (5 .2 ;3 .0")
+ 5 .52 -5 .56
H-3b 2.08-2.22 1.40-1.55* -----------
H-5 5.35 dd(br) (10 .0 ;6 .3 ) 2.74 dd (1 0 .5 ;4 l8 ) 5.35 dd (9 .5 ;1 .0 ) 2.80 br d (11.0)
H-6a 3.0-3 .3* 2.04-2.16*
•6 .38  dd (9 .5 ;2 .0 ) • 4.40 t  (11.0)
H-6b 2.30-2.50* 1.53-1.64*
H-7 2.71 ri 2.72-2.84 m 3.11 m 3.40 m
H-8 4.31 ddd (9 .5 ;4 .5 ;4 .0 ) 4.59 m 5.18 m 5.52-5 .56
H-9a 3.34 d t (1 2 .5 ;4 .0 ;1 .5 ) 3.14 dd (1 2 .5 ;5 .0 ) 2.91 dd (1 5 .0 ;6 .2 ) 3.07 dd (1 5 .0 :5 .0 )
H-9b 2.20-2.50* 2.58* m 2.58 dd (1 5 .0 ;3 .9 ) 2.49 dd (1 5 .0 :5 .0 )
H-13a 6.32 d (3 .2 ) 6.34 d (3 .0 ) 6.33 d (2 .5) 6.26 d (4 .0 )
H-13b 5.63 d (3 .0 ) 5.60 d (2 .8) 5.75 d (2 .0 ) 5.54 d (3 .4 )
H-14a 5.93 s(b r) 6.26 s (b r) 5.51 s (b r) 5.18 br s
H-14b 5.82 d (1 .5 ) 6.09 d (1 .0) 5.13 s (b r) 4.96 br s
H-15a 4.71 d (12.0) 1
■ 4.56 s(b r) ■ 1.79 s fb r) r 1.96 br s
H-15b 3.83 dd (1 2 .0 ;1 .0 ) 1
OR 2.10 s 2.16 s 6.82 qq (7 .2 ;2 .0 ) 6.73 qq (7 .2 ;2 .0 )
1.78 s (b r) 1.76 br
1.76 s 1.74 br
•Values are 1n ppm ( 5 ) and fig u res In parentheses are coupling constan ts or l in e  separation  In Hz.
*0bscured by o ther s ig n a ls .
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c o r r o b o r a t e d  t h e  p r e s e n c e  o f  an a - m e t h y l e n e - - y - l a c t o n e  m o ie ty  by 
e x h i b i t i n g  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 6  (H-13a)  and 5 . 5 4  
( H - 1 3 b ) ,  and a m u l t i p l e t  a t  6 3 . 4 0  ( H - 7 ) .  As was t h e  c a s e  i n  
compound 85 ,  t h e  e s t e r  s i  d e - c h a i n  was i d e n t i f i e d  as  a t i g l a t e  e s t e r  
on t h e  b a s i s  o f  t h e  d i a g n o s t i c  NMR and MS s i g n a l s .  E x h a u s t i v e  
d e c o u p l i n g  e x p e r i m e n t s  i n  d i f f e r e n t  s o l v e n t s  a l l o w e d  t h e  a s s i g n m e n t s  
o f  t h e  b a s i c  s k e l e t a l  p r o t o n  s i g n a l s  a s  summarized  in  T a b l e  5 - 1 .  
Com pari son  o f  t h e  NMR s p e c t r a  o f  compounds 80 and 88 showed 
s i g n i f i c a n t  d i f f e r e n c e s  o n l y  f o r  t h e  s i g n a l s  due t o  H-9 and H-14.
The H-14 p r o t o n  a b s o r p t i o n s ,  which in  80 r e p r e s e n t e d  a t h r e e - p r o t o n  
b r o a d  s i n g l e t  a t  6 1 . 9 7 ,  a p p e a r e d  i n  88 as  two o n e - p r o t o n  b r o a d e n e d  
s i n g l e t s  a t  6 5 . 1 8  (H -14a)  and 4 . 9 6  (H-14b)  which s h a r p e n e d  upon 
i r r a d i a t i o n  o f  t h e  H-9 s i g n a l s .  T h i s  c l e a r l y  i n d i c a t e d  t h a t  
compound 88 must  p o s s e s s  an e x o c y c l i c  m e t h y l e n e  d o u b l e  bond a t  
C - 1 0 .  The H-9 p r o t o n  s i g n a l ,  which  i n  compound 80 was a o n e - p r o t o n  
d o u b l e t  o f  d o u b l e t s  a t  5 5 . 6 5 ,  a p p e a r e d  in  88 as  two o n e - p r o t o n  
b r o a d e n e d  d o u b l e t s  a t  <5 3 . 0 7  (H-9a)  and 2 . 4 9  ( H - 9 b ) .  Based on t h i s  
i s o m e r i c  r e l a t i o n s h i p  be tw een  compounds 80 and 88 ,  and by c o m p a r i s o n  
o f  t h e  *H NMR s p e c t r u m  o f  88 w i t h  t h e  one o f  8 - e p i - i s o b u t y r y l -  
r u p i c o l i n  B ( 5 4 ) ,  t h e  s t r u c t u r e  88 w i t h  t h e  s t e r e o c h e m i s t r y  shown 
w e re  p r o p o s e d  f o r  t h e  new compound.
C a l e t e u c r i n  (89 )  was a c r y s t a l l i n e  compound ( m .p .  1 0 7 . 5 - 1 0 8  °C);
t h e  mass s p e c t r u m  i n d i c a t e d  a m o l e c u l a r  f o r m u la  C ^ H ^ O g .  The ^H NMR
s p e c t r u m  o f  89 ( F i g u r e  5 - 9 )  s u g g e s t e d  t h a t  t h e  compound was i d e n t i c a l
23w i t h  an o i l  p r e v i o u s l y  i s o l a t e d  from C a l e a  t e u c r i f o l i a  . The 
o b s e r v e d  mass s p e c t r a l  f r a g m e n t a t i o n  p a t t e r n s  was i n  a c c o r d  w i t h  t h e  
p u b l i s h e d  d a t a .  The s t r u c t u r e  o f  c a l e t e u c r i n  (89 )  had been
117
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p r e v i o u s l y  d e t e r m i n e d  by c he m ica l  and s p e c t r o s c o p i c  methods  . I t s
m o l e c u l a r  s t r u c t u r e  was c o n f i r m e d  by s i n g l e  c r y s t a l  X-ray d i f f r a c t i o n
i 3a n a l y s i s  as  shown in  F i g u r e  5 - 8 .  C NMR and UV s p e c t r a l  d a t a  no t
p r e v i o u s l y  r e p o r t e d  f o r  compound 89 a r e  a l s o  p r e s e n t e d  in  t h e
13e x p e r i m e n t a l .  The C NMR s p e c t r u m  i s  shown in  F i g u r e  5 -10  and t h e  




Figure 5-8 .  Molecular s tructure  o f  ca le teu cr in  (89) .
C a l e b e r t i n  ( 9 0 ) ,  C - ^ H ^ O ^ ,  1S a c r y s t a l l i n e  compound which e x h i b i t e d  
i n  t h e  NMR s p e c t r u m  ( F i g u r e  5 - 1 1 )  a s i n g l e t  a t  6 7 . 4 9  (H-3)  
r e p r e s e n t i n g  a d e s h i e l d e d  v i n y l i c  p r o t o n  and two o n e - p r o t o n  d o u b l e t s  
a t  6 6 . 2 8  (H-5)  and 6 . 6 0  (H-7 )  c o r r e s p o n d i n g  t o  a r o m a t i c  p r o t o n s .
Two t h r e e - p r o t o n  s i n g l e t s  a t  6 3 . 8 8  and 3 .8 3  i n d i c a t e d  t h e  p r e s e n c e  
o f  two methoxy g ro u p s  on an a r o m a t i c  r i n g ,  and a t h r e e - p r o t o n  s i n g l e t  
a t  6 2 .51  ( H - l l )  s u g g e s t e d  an a c e t y l  m o i e t y .  The mass s p e c t r a l  
a n a l y s i s  o f  90 was i n  a g r e e m e n t  w i t h  t h e  m o l e c u l a r  f o r m u l a ,  C - ^ H ^ O ^
118






Figure 5-10. NMR spectrum of c a le te u c r in  (89).
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Table 5 -2 .  *H NMR s pectra l  data o f  c a l b e r t i n  ( 9 0 ) ,  ca lprunin  A (96) and ca leprunin  B (9 7 ) .
90 96 97
CDC13  C6 D6  CDC13  C gD g C D C I3  C gD g
H-3 7.49 s 7.42 s 7.58 s 7.38 s 7.44 br s 7,13 br s
H-4 — — — — 7.07 br s 6 .65  br s
H-5 6.28 d ( 2 . 0 ) 6 .22  d — — — —
H-7 6.60 d (2 . 0 ) 6.40 d 6.79 s 6.47 s 7.05 s 6.59 s
H-l l 2.51 s + 2.11  s+ 2.55 s + 2.18 s + 2.57 s + 2.24 s +
OMe 3.88 s 3.27 s 4.13 s 3.76 s 3.96 s 3.40 s
OMe' 3.83 s 3.27 s 3.92 s 3.70 s 3.94 3.26 s
OMe" — — 3.85 s 3.29 s — —
H-12 — — — — — —
H-13 _  _ __ — —_
+ T h r e e - p r o t o n  s i g n a l .
which was f u r t h e r  c o n f i r m e d  by chem ica l  i o n i z a t i o n  mass s p e c t o m e t r y
which gave a peak a t  m/z_ 221 (M+l)+ . The IR s p e c t r u m  i n d i c a t e d  t h e
p r e s e n c e  o f  a k e t o  group w i t h  e x t e n d e d  c o n j u g a t i o n  (1665 cm"'*'),
*1
a r o m a t i c  and d o u b l e  bond a d s o r p t i o n s  (1605 ,  1545,  and 1500 cm ) ,  and 
t h e  t y p i c a l  bands  f o r  a l i p h a t i c  C-H v i b r a t i o n s .  These  s p e c t r o s c o p i c  
d a t a  s u g g e s t e d  a b e n z o f u r a n - t y p e  s t r u c t u r e  f o r  compound 90 ,  w i t h  one 
o l e f i n i c  p r o t o n  and t h r e e  s u b s t i t u e n t s ,  two methoxy and one a c e t y l  
g r o u p .  The a s s i g n m e n t s  o f  t h e  H NMR s i g n a l s  o f  90,  a r e  summarized  
in  T a b le  5 - 2 .  The d o w n f i e l d  v i n y l i c  s i g n a l  a t  6 7 . 4 9  i n d i c a t e d  a 
d e s h i e l d i n g  e f f e c t  o f  t h e  a c e t y l  c a r b o n y l  on t h e  o l e f i n i c  p r o t o n  H-3 
and s u g g e s t e d  an a , e - u n s a t u r a t e d  k e t o n e  s y s t e m ,  t h u s  p l a c i n g  t h e  
a c e t y l  g roup  a t  C-2 i n  90 .  On t h e  o t h e r  h a n d ,  t h e  c o u p l i n g  c o n s t a n t  
be tw een  H-5 and H-7 ( J^  y=2 . 0  Hz) c l e a r l y  showed a meta r e l a t i o n s h i p  
be tw een  t h e s e  two p r o t o n s .  On t h e  b a s i s  o f  t h e  s i m i l a r  c he m ica l  
s h i f t s  o f  t h e  methoxy g ro u p s  (6 3 . 8 8  and 3 . 8 3 ) ,  and t h e  l a c k  of  a 
m e a s u r a b l e  c o u p l i n g  be tw een  H-3 and t h e  two a r o m a t i c  p r o t o n s ,  a
4 , 6 - s u b s t i t u t i o n  p a t t e r n  f o r  t h e  methoxy g ro u p s  on t h e  a r o m a t i c  r i n g  
was p o s t u l a t e d .
The 13C NMR s p e c t r a l  d a t a  o f  90 a r e  g iv e n  i n  T a b le  5 - 3 ;  t h e  
a s s i g n m e n t s  o f  t h e  m u l t i p l e t s  were based  on s i n g l e - f r e q u e n c y  o f f -  
r e s o n a n c e  d e o c u p l i n g  (SF0RD) e x p e r i m e n t s  ( F i g u r e  5 - 1 2 ) .  The s i n g l e t  
a t  6 18 7 .1  (C-10)  c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a k e t o  g roup  i n  90.
The c h e m ica l  s h i f t s  o f  t h e  a r o m a t i c  d o u b l e t s  due t o  C-5 (6  8 7 . 5 )  and 
C-7 (6 1 1 2 .0 )  were a l s o  c o n s i s t e n t  w i t h  a 4 , 6 - s u b s t i t u t i o n  p a t t e r n .  
D e f i n i t i v e  s t r u c t u r a l  d a t a  f o r  c a l e b e r t i n  (90 )  were o b t a i n e d  by 
s i n g l e  c r y s t a l  X-ray  d i f f r a c t i o n  a n a l y s i s  and t h e  m o l e c u l a r  s t r u c t u r e  
i s  shown i n  F i g u r e  5 - 1 3 .




Figure 5-12. 13C NMR spectrum of c a lb e r t in  (90).
1 2 2
Table 5 - 3 .  13C NMR s p e c tr a l  data* o f  c a l e t e u c r i n  ( 8 9 ) ,  c a l e b e r t i n
(9 0 ) ,  and caleprunin A (96) .
*■» ' r>* r \
89 90 96
r \
C-2 162.5 s 155.8 s 124.2 s
C-3 112 .0 d 112.1 d 156.5 s
C-4 150.9 s 147.0 s
C-5 87.8 d 137.4 s 148.4 s
C-6 157.9 s 151.3 s 94.3 d
C-7 95.1 d 90.0 d 156.0 s
C-8 155.1 s 153.0 s 92.4 d
C-9 94.2 s 100 .0 s 135.2 s
C-10 187.1 s 187.4 s 142.6 s
C - l l 25.9 q 25.9 q 154.1 s
C-12 19.9 q
C-13 20.9 q
OMe 55.7 q 61.2 q 55.7 q
OMe' 5 5 .6 q 60.5 q 56.2 q
OMe" - — - 56.2 q ----------------






F i g u r e  5 - 1 3 .  M o l e c u l a r  s t r u c t u r e  o f  c a l e b e r t i n  ( 9 0 ) .
5 . 3  E x p e r i m e n t a l
5 . 3 . 1  I n s t r u m e n t a t i o n
U n l e s s  o t h e r w i s e  s t a t e d ,  t h e  same i n s t r u m e n t s  and c o n d i t i o n s  as  
d e s c r i b e d  i n  s e c t i o n  2 . 3 . 1 ,  w e re  u s e d  t o  c h a r a c t e r i z e  t h e  compounds 
d e s c r i b e d  in  t h i s  c h a p t e r .
5 . 3 . 2  I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  compounds from 
C. b e r t e r i a n a .
C a l e a  b e r t e r i a n a  DC. was c o l l e c t e d  on December ,  1981 i n  S a v a n n a ,  
V e n e z u e la  c a .  15 km W o f  Upa ta  ( J .  P r u s k i  and  J .  S t e y e r m a r k ,  No.
1474 ,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  D r i e d  l e a v e s  were  
e x t r a c t e d  and  worked  up a c c o r d i n g  t o  t h e  s t a n d a r d  p r o c e d u r e  shown i n  
Scheme 2 - 1 ,  y i e l d i n g  1 . 0 2  g o f  t h e  c r u d e  e x t r a c t .  The c r u d e  s y r u p
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was f r a c t i o n a t e d  by column c h r o m a to g r a p h y  on s i l i c a  ge l  w i t h  
p e t r o l e u m  e t h e r - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y ,  f o l l o w e d  by
m i x t u r e s  o f  a c e t o n e - m e t h a n o l ; 52 f r a c t i o n s  o f  50 ml e a ch  were
c o l l e c t e d .
F r a c t i o n s  15-16 (18 mg) gave a m i x t u r e  c o n t a i n i n g  c a l b e r t o l i d e  A
(8 6 ) ,  f r a c t i o n s  18-19  (30 mg) a f f o r d e d  a m i x t u r e  o f  c a l b e r t o l i d e  B
(87)  and  h e l i a n g i n e  ( 7 9 ) ,  and  f r a c t i o n  20 c o n t a i n e d  c a l b e r t o l i d e  C 
( 8 5 ) .  P r e p a r a t i v e  TLC o f  t h e  above  m i x t u r e s  u s i n g  p e t r o l e u m  e t h e r -  
a c e t o n e  ( 6 5 : 3 5 )  y i e l d e d  1 . 5  mg o f  8 6 , 4 mg o f  compound 8 £ ,  5 . 5  mg o f
8 5 ,  and  14 mg o f  h e l i a n g i n e  ( 8 5 ) .
C a l e a  b e r t e r i a n a  DC. was c o l l e c t e d  on December 10 ,  1979 in  S a n t a  
M e r i d a ,  V e n e z u e l a ,  a l o n g  Rio Chama t o w a r d  C h i g u a r a  (L. U r b a t s c h ,  No. 
34 5 5 ,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  968 g o f  a i r - d r i e d  p l a n t  
m a t e r i a l  were  e x t r a c t e d  and  worked up a s  u s u a l  g i v i n g  1 0 .5  g o f  c r u d e  
s y r u p .  Column c h r o m a to g r a p h y  o f  t h e  c r u d e  s y r u p  o v e r  s i l i c a  ge l  w i t h  
p e t r o l  e t h e r - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  gave 50 
f r a c t i o n s  o f  200  ml e a c h .
F r a c t i o n s  3 -5  (220 mg) gave  35 mg o f  c a l b e r t i n  (90)  and  30 mg o f  
c a l e t e u c r i n  (89 )  a f t e r  p u r i f i c a t i o n  by TLC on s i l i c a  ge l  w i t h  
c h l o r o f o r m  and c h l o r o f o r m - a c e t o n e  ( 9 7 : 3 ) .
P r e p a r a t i v e  TLC ( s i l i c a  g e l )  o f  f r a c t i o n s  10-11 w i t h  CHC13 -  
a c e t o n e  ( 9 5 : 5 )  y i e l d e d  8  mg o f  8 - e p i - 8 - t i g l y l r u p i c o l i n  A ( ( 8 0 )  ) and 
4 mg o f  8 - e p i - 8 - t i g l y l - r u p i c o l i n  B ( 8 8 ) .  F r a c t i o n s  14-17 gave 97 mg 
o f  a c a c e t i n  ( 6 4 ) .  P r e p a r a t i v e  TLC on s i l i c a  ge l  p l a t e s  o f  t h e  
c om bined  f r a c t i o n s  25-28  (110 mg) w i t h  C H C lg -a c e to n e  ( 8 5 : 5 )  y i e l d e d  
70 mg o f  d e s a c y l - 8 - t i g l y l  s u b c o r d a t o l  i d e  A ( 8 1 ) .  The same p r o c e d u r e  
a p p l i e d  f o r  f r a c t i o n s  30 -33  (260 mg) w i t h  CHCI3 -  a c e t o n e  ( 4 : 1 )  gave
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202 mg o f  c a l b e r t o l i d e  C ( ( 8 5 ) .
(N<rv
C a l b e r t o l i d e  A ( 8 6 ) .  C1 7 H2 Q0 5 , gum; UV X nm: 202 ( e  1 .4 9  x
104 ) ,  212 s h ( e  1 . 2 8  x 104 ) ;  CD (MeOH; c 2 . 0  x 1 0 ' 4 ) :  [ e ] 3 1 5 - 1 . 2 2  x 
103 , [ 0 ] 2 4 5 - 2 . 5 3 x l O 3 , [ 0 ] 2O8+ 1 .6 3  x  105 ; IR v j ^ L3 cm- 1 : 1760 
( y - l a c t o n e ) ,  1730 ( a c e t a t e ) ,  1675 ( e n o n e ) ;  EIMS ( p r o b e )  jn/z_ ( r e l . 
i n t . ) :  304 [M]+ ( 1 0 . 5 ) ,  262 [M-CH2 CO]+ ( 2 3 . 9 )  261 [M-Ac]+ ( 2 . 9 ) ,  244 
[M-AcOH]+ ( 2 6 . 3 ) ,  226 [M-Ac0H-H2 0 ]  ( 1 0 . 1 ) ,  216 [M-AcOH-CO]+ ( 3 1 . 0 ) ,
201 [M-Ac0H-C0-CH3 ] + ( 1 8 . 8 ) ,  43 [ A c ]+ ( 7 7 . 1 ) .  ( C a l c ,  f o r  C1 7 H2 Q0 5 : 
3 0 4 . 1 3 1 0 .  Found:  MS 3 0 4 . 1 2 6 6 ) .
C a l b e r t o l i d e  B ( 8 7 ) .  C1 7 H2 Q0 6 , gum; UV X nm: 204 ( e  1 . 1  x
104 ) ;  CD (MeOH; c 2 . 5  x IQ"4 ) :  [ 0 ] 31O- 1 . 7 9 x 1 0 2 , [ e ] 2 4 9 - l . 7 9 x l 0 3 , 
[ 0 ] 22 9 - 3 *26xlO3 ; IR v ^ 3  cm_ 1 :1770  ( y - l a c t o n e ) ,  1710 ( a c e t a t e ) ,
1680 ( e n o n e ) ;  EIMS ( p r o b e ) , m/z ( r e l . i n t . ) :  320 [M]+ , 278 [M-CH2 C0]+ 
( 1 . 5 ) ,  260 [M-AcOH]+ ( 2 . 5 ) ,  242 [M-Ac0H-H20 ] + ( 2 . 0 ) ,  232 [M-AcOH-CO]+
( 3 . 7 ) ,  217 [M-Ac0H-C0-CH3 ] + ( 4 ) ,  43 [ A c ]+ ( 1 0 0 ) .  ( C a l c ,  f o r  
C17H2 0 ° 6 : 3 2 0 - 1 2 6 0 * Found:  MS 3 2 0 . 1 2 7 6 ) .
C a l b e r t o l i d e  C ( 8 5 ) .  020^26^6* gum; UV X nm: s t r o n g  end
a b s . ,  l a s t  r e a d i n g ,  207 ( e  1 . 3 9  x 104 ) ;  CD (MeOH; c 2 . 0  x 1 0 " 4 ):
t 0 ^246+ 4 *7 1 x l ° 3 ’ C0]211"4 - 14x1° 4; IR v max13 cm_1: 3420 (broad’ 0H)’
1755 ( y - l a c t o n e ) ,  1710 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  EIMS
( p r o b e )  m/z^ ( r e l . i n t . )  362 [M]+ , 262 [M-A]+ ( 1 . 1 ) ,  244 [M-A-H2 0 ] +
( 2 . 0 ) ,  216 [M-A-H2 0 - C 0 ] + ( 2 . 2 ) ,  201 [M- A-H2 0-C0CH3 ] + ( 2 . 6 ) ,  83
[ A ' ] + ( 1 0 0 . 0 ) ,  55 [ A " ] + ( 2 3 . 6 ) .  ( C a l c ,  f o r  C15H1804 : 2 6 2 . 1 2 0 5 .
Found:  MS 2 6 2 . 1 2 0 9 ) .
8 - e p i - t i g l y l r u p i c o l i n  B ( 8 8 ) .  C2qH2 4 0 5 , gum; UV nm:
ChcT*o .
s t r o n g  end  a b s o r p t i o n ;  IR vm=w cm" : 3570 (OH),  1765 ( y - l a c t o n e ) ,
m a X
1705 ( u n s a t u r a t e d  e s t e r ) ,  1662 ( d o u b l e  b o n d ) ,  1150 ( t e r t i a r y
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a l c o h o l ) ;  EIMS ( p r o b e ) _m/z_ ( r e l . i n t . ) : 344 [M]+ ( 0 . 5 ) ,  326 [M-H2 0 ] +
( 0 . 4 ) ,  244 [M-A]+ ( 7 . 9 ) ,  229 [M-A-Me]+ ( 2 . 4 ) ,  226 [M-A-H20 ] + ( 3 . 9 ) ,
216 [M-A-C0]+ ( 1 . 6 ) ,  201 [M-A-Me-C0]+ ( 3 . 2 ) ,  198 [M-A-H20 - C 0 ] + ( 2 . 0 ) ,
83 [A1 ] + ( 1 0 0 . 0 ) ,  55 [A2] + ( 1 5 . 8 ) .
C a l e t e u c r i n  ( 8 9 ) .  C1 3 H1 4 0 5 , c r y s t a l l i n e  s o l i d  (mp 1 0 7 . 5 -
1 0 8 . 0 ° C ) ;  UV X Me0H nm: 288 (e  2 . 4 8  x 104 ) ;  IR v CHC13 cm"1 : 1755 ' max v ' max
( l a c t o n e ) ,  1630 (C=C0R), 1515 ( a r o m a t i c ) ;  EIMS ( p r o b e )  m/z ( r e l .  
i n t . ) :  250 [M]+ ( 1 0 0 . 0 ) ,  235 [M-Me]+ ( 0 . 8 ) ,  221 [M-CH0]+ ( 2 8 . 0 ) ,  220 
[M—2 Me0]+ ( 5 . 8 ) ,  207 [M-MeC0]+ ( 4 6 . 5 ) ,  193 [M-C3 H6 -Me]+ ( 1 7 . 3 ) ;  CIMS 
( i s o b u t a n e )  m/z_:251 [M + l ]+ ( 1 0 0 . 0 ) ;  NMR (200 MHz, CDC13 , TMS as  
i n t e r n a l  s t a n d a r d ) :  6 . 1 8  b r  (2H, H- 6  & H-8 ) ,  3 .8 5  s (3H, OMe), 3 .7 7  s 
(3H,  OMe') ,  2 . 2 5  s (3H, H - 1 3 ) ,  2 .0 1  s (3H, H - 1 2 ) .
C a l b e r t i n  ( 9 0 ) .  C-^H-^O^,  c r y s t a l l i n e  s o l i d  (mp 1 1 8 . 5 - 1 1 9 . 0 ° C ) ;
UV X nm: 286 (e  5 . 4 2  x 104 ) ,  330 ( e  4 . 9 1  x 104 ) ;  IR v ^ 3  
cm"1 : 1665 ( c o n j u g a t e d  c a r b o n y l ) ,  1610 ( a r o m a t i c ,  d o u b l e  b o n d ) ,  1550 
( a r o m a t i c ) ,  1500 ( a r o m a t i c ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  220 [M]+ 
( 8 9 . 8 ) ,  205 [M-Me]+ ( 1 0 0 . 0 ) ,  177 [M-MeC0]+ ( 7 . 7 ) ;  CIMS ( i s o b u t a n e )  
m/z :  221 [M+l]+ ( 1 0 0 . 0 ) .
Chapter 6
THE ISOLATION AND STRUCTURE DETERMINATION OF SECONDARY METABOLITES 
FROM THREE POPULATIONS OF CALEA PRUNIFOLIA
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1 2 8
6 . 1  I n t r o d u c t i  on
T h r e e  p o p u l a t i o n s  o f  C a l e a  p r u n i f o l i a  Kunth from V e n e z u e l a ,
Panama and C o s t a  R ic a  were  c h e m i c a l l y  i n v e s t i g a t e d .  Twelve 
compounds ,  r e p r e s e n t e d  by a f l a v o n e ,  two b e n z o f u r a n e  d e r i v a t i v e s ,  
f o u r  c h ro m e n e s ,  and f i v e  s e s q u i t e r p e n e  l a c t o n e s  were i s o l a t e d  from 
t h e s e  s p e c i e s .  The s t r u c t u r e s  o f  t h e  i s o l a t e d  compounds a r e  shown in  
F i g u r e  6 - 1 .
C a l e a  p r u n i f o l i a  f rom V e n e z u e la  y i e l d e d  t h e  t h r e e  g u a i a n o l i d e s ,
8 - e p i - 8 - t i g l y l r u p i c o l i n  A ( 8 0 ) ,  d e s a c y l - 8 - t i g l y l s u b c o r d a t o l i d e  A
( 8 1 )  and 8 - e p i - 8 - t i g l y l r u p i c o l i n  B ( 8 8 ) p r e v i o u s l y  i s o l a t e d  from C.
s o l i d a g i n e a  and C. b e r t e r i a n a ,  and t h e  two c h r o m e n e s ,  e n c e c a l i n
(93 )  r e p o r t e d  e a r l i e r  f rom  E n c e l i a  c a l i f o r n i c a ^  and E u p a t o r i u m  
17r ipandum  , and a g e r a t o c h r o m e n e  (92 )  f i r s t  r e p o r t e d  from Ageratum 
73h o u s t o m a n u m  .
C a l e a  p r u n i f o l i a  f rom  Panama a f f o r d e d  b e s i d e s  t h e  known f l a v o n e
a c a c e t i n  (64)  and t h e  l a c t o n e s  c a l b e r t o l i d e  C ( 8 5 )  and d e s a c y l - 8 -
t i g l y l s u b c o r d a t o l i d e  A (8 1 )  p r e v i o u s l y  found  in  C. s o l i d a g i n e a  and C.
b e r t e r i a n a ,  and two new chrom enes  p r u n i c h r o m e n e  A (94 )  and
p r u n i c h r o m e n e  B ( 9 5 ) .
C a l e a  p r u n i f o l i a  f rom C o s t a  R ic a  ( s y n .  C. p i t t i e r i  B. L.
R ob inson  and E. J .  Greenman) y i e l d e d  t h e  5 - h y d r o x y e u d e s m a n o l i d e
71t e l e k i n  (91 )  p r e v i o u s l y  i s o l a t e d  from C. s z y s z l o w i c z i i  , and two new 
b e n z o f u r a n e  d e r i v a t i v e s ,  c a l e p r u n i n  A (96 )  and c a l e p r u n i n  B ( 9 7 ) .
The s t r u c t u r e  o f  t h e  known compounds was e s t a b l i s h e d  by 
c o m p a r i s o n  o f  t h e i r  s p e c t r a l  d a t a ,  w i t h  t h e  ones  o f  a u t h e n t i c  s a m p le s  
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F i g u r e  6 - 1 .  Compounds i s o l a t e d  from t h r e e  C a l e a  p r u n i f o l i a  
p o p u l a t i o n s .
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6 . 2  S t r u c t u r e  E l u c i d a t i o n  o f  t h e  Compounds I s o l a t e d  from Cal ea
P r u n i f o l i a .
The *H NMR s p e c t r a  o f  t h e  c r u d e  t e r p e n o i d s  e x t r a c t s  f rom t h e  
t h r e e  C. p r u n i f o l i a  p o p u l a t i o n s  d e s c r i b e d  in  t h i s  c h a p t e r  a r e  
p r e s e n t e d  in  F i g u r e s  6 - 2 ,  6 - 3  and 6 - 4 .
F r a c t i o n a t i o n  o f  t h e  c r u d e  e x t r a c t s  and f u r t h e r  p u r i f i c a t i o n  o f  
t h e  c o l l e c t e d  f r a c t i o n s  as  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l ,  a f f o r d e d  
t h e  f o u r  new compounds t h e  s t r u c t u r e  e l u c i d a t i o n s  o f  which w i l l  be 
d i s c u s s e d  h e r e .
The NMR s p e c t r u m  o f  a g e r o t a c h r o m e n e ^ ’ ^  ( 9 2 ) ,  t h e  h igh  
r e s o l u t i o n  *H NMR s p e c t r u m  o f  which has  n o t  been p u b l i s h e d  b e f o r e ,  i s  
shown in  F i g u r e  6 - 5 .
P r u n ic h r o m e n e  A ( 9 4 ) ,  i s  an o i l  w i t h  a *H NMR s p e c t r u m
( F i g u r e  6 - 6 )  t h a t  c l e a r l y  i n d i c a t e d  a 2 , 2 - d i m e t h y l c h r o m e n e  s k e l e t o n :  
a s i x - p r o t o n  s i n g l e t  a t  6 1 .4 1  and a t w o - p r o t o n  AB q u a r t e t  (Jj=l(J Hz) 
a t  6 6 . 5 3  (H-4)  and 5 . 4 8  ( H - 3 ) .  In a d d i t i o n ,  t h e  NMR s p e c t r u m  
showed a b r o a d e n e d  s i n g l e t  a t  6 6.2U and t h r e e  t h r e e - p r o t o n  s i n g l e t s  
a t  6 3 . 8 0 ,  3 .81  and 3 . 8 8 ,  c o r r e s p o n d i n g  t o  t h r e e  methoxy s u b s t i t u e n t s  
on t h e  a r o m a t i c  r i n g .  Double i r r a d i a t i o n  e x p e r i m e n t s  t o g e t h e r  w i t h  
b e n z e n e - d g  s h i f t  s t u d i e s  a l l o w e d  t h e  a s s i g n m e n t s  of  t h e  NMR 
s i g n a l s  t h a t  a r e  shown i n  T a b l e  6 - 1 .  S a t u r a t i o n  of  t h e  d o u b l e t  a t  6 
6 . 5 3  (H-4)  c o l l a p s e d  t h e  d o u b l e t  a t  6 5 . 3 8  (H-3)  t o  a s i n g l e t ,  and 
s h a r p e n e d  t h e  b r o a d e n e d  s i n g l e t  a t  6 6 . 2 0 .  In r e t u r n ,  d o u b le  
i r r a d i a t i o n  o f  t h e  b r o a d e n e d  s i n g l e t  a t  6 6 . 2 0  s h a r p e n e d  t h e  
b r o a d e n e d  d o u b l e t  a t  6 6 .5 3  ( H - 4 ) ,  c l e a r l y  i n d i c a t e d  a lo n g  r a n g e  
c o u p l i n g  be tw een  H-4 and t h e  a r o m a t i c  p r o t o n  c a u s i n g  t h e  broad  
s i n g l e t  a t  6 6 . 2 0 .  S o l v e n t  s h i f t  s t u d i e s  i n  b e n z e n e - d g ,  in  which t h e
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Figure 6 -2 . *H NMR spectrum of the  crude e x tra c t  of C. p ru n ifo lia
from Venezuela.
7e 6 S 3 2 0
F igure  6 -3 . *H NMR spectrum of the  crude e x tr a c t  o f C. p ru n ifo lia  
from Panama.
Figure 6 -4 . *H NMR spectrum o f the crude e x tr a c t  of C. p ru n ifo lia  
from Costa R1ca.
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a s s o c i a t i o n  w i t h  t h e  s o l v e n t  m o l e c u l e s  r e s u l t s  i n  a d i a m a g n e t i c  s h i f t  
o f  t h e  methoxy g r o u p s  when a t  l e a s t  one u n s u b s t i t u t e d  o r t h o  p o s i t i o n  
i s  p r e s e n t ^ ’ ^  c l e a r l y  showed (T a b le  6 - 1 )  t h a t  o n l y  one o f  t h e  t h r e e  
methoxy g ro u p s  i n  chromene 94 e x p e r i e n c e d  a l a r g e  d i a m a g n e t i c  s h i f t  
( A6 = 0 . 6 3  ppm).  From t h e s e  f a c t s ,  t o g e t h e r  w i t h  t h e  o b s e r v e d  l o n g -  
r a n g e  c o u p l i n g  o f  H-4 w i t h  t h e  a r o m a t i c  p r o t o n  a t  5 6 . 2 0 ,  i t  must  be 
c o n c l u d e d  t h a t  p r u n i c h r o m e n e  A i s  6 , 7 , 8 - t r i m e t h o x y - 2 , 2 - d i m e t h y l -  
c h rom ene ,  as  r e p r e s e n t e d  by s t r u c t u r e  94.
F u r t h e r  c o n f i r m a t i o n  o f  t h e  p r o p o s e d  s t r u c t u r e  f o r  compound 94
I *3
was o b t a i n e d  f rom t h e  C NMR s p e c t r a l  d a t a  g iv e n  i n  T a b l e  6 - 2 .  The 
13 NMR s p e c t r u m  showed t h r e e  q u a r t e t s  c o r r e s p o n d i n g  t o  t h e  t h r e e  
methoxy g ro u p s  p r e s e n t  i n  94 (<S 6 1 . 5 ,  6 1 . 2  and 5 5 . 9 ) ,  a s t r o n g  methyl  
s i g n a l  a t  6 2 7 .7  (C-10 and C - l l ) ,  two d o u b l e t s  c o r r e s p o n d i n g  t o  C-3 
(6 1 2 7 .4 )  and C-4 (6 1 1 6 . 9 ) ,  and a s t r o n g l y  s h i e l d e d  d o u b l e t  a t  6 
9 6 . 5  due t o  t h e  a r o m a t i c  c a rb o n  C -5 .  The a s s i g n m e n t s  o f  t h e s e  
s i g n a l s  were  e s t a b l i s h e d  by s i n g l e - f r e q u e n c y  o f f - r e s o n a n c e  d e c o u p l i n g  
(SFORD) a s  shown i n  T a b l e  6 - 2 ,  and were  i n  a c c o r d  w i t h  a 6 , 7 , 8 -  
t r i m e t h o x y - s u b s t i t u t i o n  p a t t e r n  i n  chromene 94.
P r u n ic h r o m e n e  B ( 9 5 ) ,  C^H-^gOg, i s  an o i l  w i t h  t h e  t y p i c a l  
*H NMR s p e c t r u m  ( F i g u r e  6 - 7 )  o f  a 2 , 2 - d i m e t h y l c h r o m e n e  w i t h  a p a i r  o f  
AB t y p e  d o u b l e t s  (J_=10 Hz) a t  6 5 .4 1  (H-3)  and 6 .57  ( H - 4 ) ,  and a s i x -  
p r o t o n  s i n g l e t  a t  6 1 .4 1  f o r  t h e  gemina l  d i m e th y l  g r o u p .  The *H NMR 
s p e c t r u m  o f  95 was ve ry  s i m i l a r  t o  t h e  one o f  p r u n ic h r o m e n e  
A ( 9 4 ) ,  e x c e p t  t h a t  compound 95 e x h i b i t e d  on ly  two methoxy s i g n a l s  i n  
t h e  *H NMR, bu t  i n s t e a d  one e x t r a  a r o m a t i c  s i g n a l  a t  6 6 . 0 1 .
Double i r r a d i a t i o n  o f  t h e  d o u b l e t  a t  6 6 .5 7  (H-4)  c o l l a p s e d  t h e  
d o u b l e t  a t  6 5 . 4 1  (H-3)  t o  a s i n g l e t  and s h a r p e n e d  t h e  b r o a d e n e d
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Figure 6 -7 . Benzene-dg *H NMR spectrum o f prunichromene B (95).
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Table 6 - 1 .  1H NMR sp ec tra l  data* o f  prunichromenes A (94) and B (9 5 ) .
94
(CDCI3 ) ( c 6d6) AS**
95
(CDCI3 ) ( C6D6) AS
H-3 5.48 (10 .0) 5 .26  d - 0 .22 5.41 d (10.0) 5.23 d -0 .18
H-4 6.53 br d (10.0) 6.74 br d 0.31 6.57 br d (10.0) 6.90 br d 0.33
H-5 6.20  br s 6.27 br s 0.07 6.04 br d (2 .5 ) 6.26 br d 0.18
H-7 6.01 d (2 .5 ) 6.04 d 0.03
OMe 3.80 s 3.71 s -0 .09 3.78 s 3.29 s -0 .49
OMe' 3.81 s 3.75 s - 0 .0 6 3 .76  s 3 .2 6  s -0 .50
OMe" 3.88  s 3.25 s -0 .63
Me ( 6H) 1.41 s 1.35 s - 0 .0 6 1.41 s 1.35 s -0 .0 6
♦Chemical s h i f t s  are given in ppm r e l a t i v e  to  TMS. Coupling constants  (J) or l in e  separations  in Hz are 
given in parentheses.
**A6 = 6 CgDg -  6 CDCI3
OO<T>
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Table 6 -2 .  NMR spectral data* of prunichromenes A (94) and
B (95) .*•*
94 95
C-2 78.1  s 7 6 .2  s
C-3 12 7 .4  d 1 2 5 .8  d
C-4 116 .9  d 11 6 .8  d
C-5 9 6 .5  d 9 1 .5  d
C-6 149 .3  s** 15 6 .2  %**
C-7 13 5 .8  s 9 4 .2  d
C-8 149 .2  s** 1 5 4 .8  s**
C-9 153 .7  s 161 .1  s
C-10 112 .7  s 1 0 4 .3  s
C - l l  + C—12 2 7 .7  q 2 7 .8  q
OMe 61 .5  q 5 5 .5  q
OMe 61 .2  q 5 5 .3  q
OMe 55 .9  q
• S p e c t r a  run  in  CDCl, a t  am b ien t  t e m p e r a t u r e  a t  5 0 .32  MHz. Chemical s h i f t s  
a r e  g iv e n  i n  ppm r e l a t i v e  t o  TMS as  d e te rm in e d  by p ro to n  n o i s e  d e o c u p l i n g .  
Peak m u l t i p l i c i t y  was o b ta i n e d  by o f f - r e s o n a n c e  d e c o u p l in g  ( 2 .5  ppm above 
TMS). A s s ig n e n t  o f  t h e  d o u b l e t s  were done by s i n g l e - f r e q u e n c y  o f f - r e s o ­
n a n c e .
** A ss ig n m en ts  i n t e r c h a n g e a b l e .
d o u b l e t  a t  6 6 . 0 4  (H-5)  t o  a s h a r p  d o u b l e t .  S a t u r a t i o n  o f  t h e  b r o a d  
d o u b l e t  a t  <5 6 . 0 4  (H-5)  c o l l a p s e d  t h e  d o u b l e t  a t  <S 6 .0 1  (H-7)  t o  a 
s i n g l e t  and s h a r p e n e d  t h e  d o u b l e t  a t  6 6 . 0 4  ( H - 4 ) .  In  r e t u r n ,  
s a t u r a t i o n  a t  5 6 .0 1  (H-7)  c o l l a p s e d  t h e  d o u b l e t  a t  6 6 . 0 4  (H-5)  t o  a 
s i n g l e t .  I r r a d i a t i o n  a t  6 5 . 4 1  (H-3)  c o l l a p s e d  t h e  b r o a d e n e d  d o u b l e t  
a t  6 6 . 5 7  (H-4)  t o  a b r o a d  s i n g l e t .  The same r e s u l t s  were o b t a i n e d  
by p e r f o r m i n g  t h e  d e c o u p l i n g  e x p e r i m e n t s  i n  CgDg which gave  b e t t e r  
s e p a r a t i o n s  o f  t h e  a r o m a t i c  p r o t o n  d o u b l e t s .  From t h e  c o u p l i n g  
c o n s t a n t  (J_=2.5 Hz) o f  t h e  a r o m a t i c  p r o t o n s  a t  6 6 . 0 4  (H-5)  and 6 .0 1  
( H - 7 ) ,  a meta  d i s p o s i t i o n  o f  t h e s e  two a r o m a t i c  p r o t o n s  can be 
d e r i v e d .  S o l v e n t  s h i f t  s t u d i e s  i n  b e n z e n e - d g  ( T a b l e  6 - 1 )  f u r t h e r  
c o n f i r m e d  t h i s  c o n c l u s i o n ,  s i n c e  t h e  d a t a  i n d i c a t e d  t h a t  b o t h  methoxy 
g r o u p s  had  a t  l e a s t  one f r e e  o r t h o  p o s i t i o n ^ 3 ’^ .  T h e s e  f a c t s ,  
t o g e t h e r  w i t h  t h e  l o n g  r a n g e  c o u p l i n g  o b s e r v e d  be tw een  H-4 and  t h e  
a r o m a t i c  p r o t o n  a t  6 6 . 0 4  (H-5)  l e d  t o  t h e  f o r m u l a t i o n  o f  
p r u n i c h r o m e n e  B (95 )  a s  6 , 7 - d i m e t h o x y - 2 , 2 - d i m e t h y l  c h rom ene .
The 13C NMR s p e c t r u m  o f  compound 95 ( F i g u r e  6 - 8 )  was ve ry  
s i m i l a r  t o  t h e  one o f  94 ( T a b l e  6 - 2 ) ,  e x c e p t  t h a t  C -7 ,  which 
i n  94 was a s i n g l e t  a t  6 1 3 5 . 8 ,  a p p e a r e d  i n  95 a s  a s h i e l d e d  d o u b l e t  
a t  6 9 4 . 2 .  In a d d i t i o n ,  o n l y  two methoxy c a r b o n s  were p r e s e n t  i n  
compound 95 (6 5 5 . 5  and  5 5 . 3 ) .  The o t h e r  s i g n a l s ,  g i v e n  i n  T a b l e  6 -2  
were  i n  a g r e e m e n t  w i t h  t h e  c h e m ic a l  s h i f t s  e x p e c t e d  f o r  t h e  s u g g e s t e d  
s u b s t i t u t i o n  p a t t e r n .
C a l e p r u n i n  A (96 )  i s  a y e l l o w  gum whose IR s p e c t r u m  was s i m i l a r  
t o  9 0 ,  a l s o  i n d i c a t i n g  t h e  p r e s e n c e  o f  a k e t o  c a r b o n y l  w i t h  e x t e n d e d  
c o n j u g a t i o n  (1670 cm- * ) .  The mass s p e c t r u m  s u g g e s t e d  a m o l e c u l a r  
f o r m u l a  C ^ H ^ O g ,  which was f u r t h e r  c o n f i r m e d  by c h e m ica l  i o n i z a t i o n















mass s p e c t r o m e t r y  w i t h  a b a se  peak a t  m/z_ 251.  The mass s p e c t r a l
f r a g m e n t a t i o n  p a t t e r n  o f  compound 96 was s i m i l a r  t o  t h a t  o f  90,  and
s u g g e s t e d  t h e  same t y p e  o f  b e n z o f u r a n  s k e l e t o n  f o r  96 .  The *H NMR
s p e c t r u m  o f  96 ( F i g u r e  6 - 9 ) ,  when compared w i t h  F i g u r e  5 - 1 1 ,  showed
t h e  p r e s e n c e  o f  o n ly  two d o w n f i e l d  s i g n a l s  a t  6 7 . 5 8  (H-3)  and 6 . 7 9
( H - 7 ) ,  bu t  t h r e e  methoxy s i g n a l s  ( 6 4 . 1 3 ,  3 . 9 2 ,  and 3 . 8 5 ) ,  t o g e t h e r
w i t h  a methy l  s i g n a l  a t  6 2 .5 1  ( H - l l ) .  The c l o s e  s p e c t r a l
s i m i l a r i t i e s  be tw een  90 and 96 ( T a b le  5 - 2 )  c l e a r l y  s u g g e s t e d  a
b e n z o f u r a n  s t r u c t u r e  f o r  96,  t h e  d i f f e r e n c e  b e in g  t h e  p r e s e n c e  o f  a
t h i r d  methoxy group in  c a l e p r u n i n  A. F u r t h e r  s t r u c t u r a l
1 ^c o r r o b o r a t i o n  was o b t a i n e d  from t h e  C NMR s p e c t r u m  o f  96 ( T a b le  
5 - 3 ) ,  which i n  c o m p a r i s o n  t o  90 i n d i c a t e d  t h e  p r e s e n c e  o f  o n l y  two 
s p ^ - c a r b o n  d o u b l e t s  a t  6 1 1 2 .1  (C -3 )  and 6 9 0 .0  ( C - 7 ) ,  and an e x t r a  
methy l  q u a r t e t  i n  t h e  r e g i o n  o f  a methoxy c a rb o n  ( F i g u r e  6 - 1 0 ) .  The 
a p p e a r a n c e  o f  a s i n g l e t  a t  1 3 7 .4  ppm (C-5 )  was i n  a g re e m e n t  w i t h  t h e  
p r e s e n c e  o f  a methoxy group  a t  C-5 w i t h  each  n e i g h b o u r i n g  a r o m a t i c  
c a r b o n s  a l s o  b e a r i n g  a methoxy g r o u p .  As in  compound 90,  t h e  
p r e s e n c e  o f  a s i n g l e t  a t  1 0 0 .0  ppm (C -9 )  was i n  a c c o r d  w i t h  t h e  
p r e s e n c e  o f  a MeO group on C - 4 ,  and t h u s  i n d i c a t i n g  a 4 , 5 , 6 - t r i -  
s u b s t i t u t i o n  p a t t e r n  i n  compound 96 .
S o l v e n t  s h i f t  *H NMR s t u d i e s  i n  b e n z e n e - d g  f u r t h e r  c o r r o b o r a t e d  
t h e  p r o p o s e d  s u b s t i t u t i o n  p a t t e r n  ( T a b le  5 - 2 )  s i n c e  on ly  one o f  t h e  
methoxy s i n g l e t s  e x p e r i e n c e d  a l a r g e  d i a m a g n e t i c  s h i f t  ( a6 = 0 .5 6 ) ,  
i n d i c a t i n g  t h a t  o n ly  one o f  t h e  t h r e e  M e O - s u b s t i t u t e d  a r o m a t i c
7 C  7  CL
c a r b o n s  had an u n s u b s t i t u t e d  o r t h o - c a r b o n  ’ .
C a l e p r u n i n  B ( 9 7 ) ,  i s  a gum w i t h  a mass s p e c t r u m  in  a g re e m e n t  
w i t h  a m o l e c u l a r  f o r m u l a  C - ^ H ^ O ^ .  The IR s p e c t r u m  and t h e  mass
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s p e c t r a l  f r a g m e n t a t i o n  p a t t e r n  o f  97 were  ve ry  s i m i l a r  t o  t h e  ones 
o f  90 and 96 ,  and c l e a r l y  s u g g e s t e d  a b e n z o f u r a n  s k e l e t o n .  The 
NMR s p e c t r u m  o f  97 ( F i g u r e  6 - 1 1 )  p r e s e n t e d  a d o w n f i e l d  o l e f i n i c  
b r o a d e n e d  s i n g l e t  a t  6 7 . 4 4  ( H - 3 ) ,  two a r o m a t i c  s i g n a l s ,  one o f  them 
a b r o a d e n e d  s i n g l e t  a t  6 7 .07  (H-4)  and t h e  o t h e r  a s i n g l e t  a t  6 7 .0 5  
( H - 7 ) .  In a d d i t i o n ,  t h e  s p e c t r u m  e x h i b i t e d  two t h r e e - p r o t o n  methoxy 
s i n g l e t s  a t  6 3 .9 6  and 3 . 9 4 ,  and a t h r e e - p r o t o n  s i n g l e t  a t  6 2 . 5 7  
( H - l l ) .  E x t e n s i v e  d e c o u p l i n g  e x p e r i m e n t s  i n  b e n z e n e - d g  i n d i c a t e d  t h e  
a b s e n c e  o f  any m e a s u r a b l e  c o u p l i n g  be tw een  t h e  a r o m a t i c  p r o t o n s  H-4 
a t  6 6 . 6 5  and H-7 ( 6 6 . 5 9 ) ,  bu t  a small  c o u p l i n g  be tw een  H-3 ( 6 7 . 1 3 )  
and H-4 ( 6 6 . 6 5 )  was o b s e r v e d .  S a t u r a t i o n  o f  t h e  b r o a d e n e d  s i n g l e t  a t  
6 7 . 1 3  (H-4)  s h a r p e n e d  t h e  b ro ad e n e d  s i n g l e t  a t  6 6 . 6 5  (H-4)  w i t h  no 
e f f e c t  on t h e  s i n g l e t  a t  6 6 . 5 9  ( H - 7 ) .  In r e t u r n ,  i r r a d i a t i o n  a t  H-4 
( 6 6 . 6 5 )  s h a r p e n e d  t h e  b r o a d e n e d  o l e f i n i c  s i n g l e t  a t  6 7 . 1 3  (H-3)  bu t  
d i d  n o t  a f f e c t  t h e  a r o m a t i c  s i g n a l  a t  6 6 . 5 9  ( H - 7 ) .  S p in  d e c o u p l i n g  
a t  6 6 . 5 9  (H-7)  had no e f f e c t  on t h e  o t h e r  two d o w n f i e l d  s i g n a l s .
The a b s e n c e  o f  a m e a s u r a b l e  c o u p l i n g  be tween  t h e  two a r o m a t i c  p r o t o n s  
H-4 and H-7 was an i n d i c a t i o n  o f  t h e i r  p a r a  r e l a t i o n s h i p ,  and 
t h e r e f o r e  a 5 , 6 - s u b s t i t u t i o n  p a t t e r n  o f  t h e  methoxy group i n  97 was 
s u g g e s t e d .
T h i s  was f u r t h e r  c o r r o b o r a t e d  by *H NMR s o l v e n t  s h i f t  s t u d i e s  in  
b e n z e n e - d g  (T a b le  5 - 2 ) .  Both methoxy s i g n a l s  e x p e r i e n c e d  an
7 c  7 / 2
a p p r e c i a b l e  d i a m a g n e t i c  s h i f t  ( a6=0.56  and 0 . 5 8 ,  r e s p e c t i v e l y )  ’ , 
i n  a c c o r d  w i t h  t h e  p r o p o s e d  s t r u c t u r e  f o r  c a l e p r u n i n  B.
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6 . 3  E x p e r im e n t a l
6 . 3 . 1  I n s t r u m e n t a l  on
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were  d e s c r i b e d  i n  2 . 3 . 1  
were  u se d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  a l l  t h e  compounds i s o l a t e d  from 
t h e  t h r e e  C. p r u n i f o l i a  t a x a .
6 . 3 . 2  I s o l a t i o n  o f  t h e  compounds from t h e  C a le a  p r u n i f o l i a .
C a l e a  p r u n i f o l i a  Kunth was c o l l e c t e d  on December 8,  1979 in
Guamare,  S t a t e  o f  P o r t u g u e s a ,  V e n e z u e la ,  a t  t h e  c i t y  o u t s i d e s  n e a r  
t o p  o f  Mesa (L.  U r b a t s c h ,  J .  P r u s k i  and N. F i s c h e r ,  No. 3407,  v o u c h e r  
d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The d r i e d  and ground p l a n t  m a t e r i a l  
( 1 . 8  Kg) was e x t r a c t e d  and worked  up by means o f  t h e  s t a n d a r d  
p r o c e d u r e  o u t l i n e d  i n  Scheme 2 - 1 ,  and p r o v i d e d  5 .6  g o f  t h e  c r u d e  
e x t r a c t .  Column c h ro m a to g r a p h y  o f  t h i s  c r u d e  s y ru p  on s i l i c a  gel 
w i t h  p e t r o l e u m  e t h e r - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  gave 45 
f r a c t i o n s  o f  200 ml e a c h .
F r a c t i o n s  9 -1 0  (97 mg) gave a m i x t u r e  o f  t h e  chromenes  
92 and 93 ,  which upon f u r t h e r  p u r i f i c a t i o n  by p r e p a r a t i v e  TLC ( s i l i c a  
g e l )  w i t h  p e t r o l e u m  e t h e r - e t h y l  e t h e r  ( 2 : 1 )  a f f o r d e d  36 mg o f  
e n c e c a l i n  (93 )  and 18 mg o f  a g e r a t o c h r o m e n e  ( 9 2 ) .  F r a c t i o n s  11 -14  
(58  mg) p r o v i d e d  16 mg o f  8 - e p i - 8 - t i g l y l r u p i c o l i n  A (80 )  and 11 mg o f  
8 - e p i - 8 - t i g l y l r u p i c o l i n  B (88 )  a f t e r  p u r i f i c a t i o n  by TLC on s i l i c a  
gel  w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 ) .  P r e p a r a t i v e  TLC of  f r a c t i o n s  22-  
26 (275 mg) w i t h  c h l o r o f o r m - a c e t o n e  ( 8 : 2 )  y i e l d e d  152 mg of  d e s a c y l -  
8 - t i g l y l s u b c o r d a t o l i d e  A ( 8 1 ) .
C a l e a  p r u n i f o l i a  Kunth was c o l l e c t e d  on August  8,  1980 in  Z o r ro
A z u l , Panama C i t y ,  Panama ( c o l l e c t e d  by A. J .  Malcolm; v o u c h e r  
Malcolm No. 1 d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The a i r  d r i e d  p l a n t  
m a t e r i a l  (203 g ) ,  e x t r a c t e d  and t r e a t e d  f o l l o w i n g  t h e  u s u a l  p r o c e d u r e  
p r o v i d e d  1 2 .3  g c r u d e  s y r u p .  Column c h r o m a to g r a p h y  ( s i l i c a  g e l )  o f
1 . 3  g o f  t h e  c r u d e  m a t e r i a l  w i t h  CHC13 - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  
p o l a r i t y  y i e l d e d  40 f r a c t i o n s  o f  100 ml e a c h .  P r e p a r a t i v e  TLC 
( s i l i c a  g e l )  o f  f r a c t i o n s  13-14 (94 mg) w i t h  CHC13 - a c e t o n e  ( 9 8 : 2 )  
a f f o r d e d  38 mg o f  p r u n i c h r o m e n e  B (95 )  and 23 mg o f  p r u n ic h r o m e n e
A ( 9 4 ) .  R e c h r o m a to g r a p h y  by p r e p .  TLC o f  f r a c t i o n s  15-23 (90 mg) 
w i t h  CHCl3 ~ a c e t o n e  ( 9 : 1 )  y i e l d e d  17 mg o f  c a l b e r t o l i d e  C ( 8 5 ) ,  w h i l e  
t h e  same p r o c e d u r e  f o r  f r a c t i o n s  24 -30  (73 mg) gave 26 mg o f  d e s a c y l -  
8 - t i g l y l s u b c o r d a t o l i d e  A ( 8 1 ) .  A y e l l o w  s o l i d  (13 mg) i d e n t i f i e d  as  
a c a c e t i n  ( 6 4 )  was o b t a i n e d  from f r a c t i o n s  15-22  by s p o n t a n e o u s  
c r y s t a l  1 i z a t i o n .
C a l e a  p r u n i f o l i a  Kunth ( s y n .  C. p i t t i e r i  B. L. Rob inson  and E.
J .  Greenman) was c o l l e c t e d  i n  C o s t a  R ica  on December 29,  1978 a l o n g  
Highway 10 i n t o  C a r t a g o  ( J .  Wussow and J .  P r u s k i , No. 112,  v o u c h e r  
d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The d r i e d  p l a n t  m a t e r i a l  (746 g) was 
g round  and e x t r a c t e d  by t h e  p r o c e d u r e  d e s c r i b e d  i n  2 . 1  and p r o v i d e d
2 . 3  g o f  c r u d e  t e r p e n o i d  e x t r a c t .  The c r u d e  e x t r a c t  was f r a c t i o n a t e d  
by column c h r o m a to g r a p h y  on s i l i c a  ge l  w i t h  p e t r o l e u m  e t h e r - a c e t o n e  
m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  and 43 f r a c t i o n s  o f  125 ml each  were 
c o l l e c t e d .
R e c h r o m a to g r a p h y  o f  f r a c t i o n s  8 - 9  (175 mg) on s i l i c a  gel w i t h  
c h l o r o f o r m - a c e t o n e  ( 9 5 : 5 )  gave 44 mg o f  c a l e p r u n i n  A ( 9 4 ) ,  w h i l e  t h e  
same p r o c e d u r e s  a p p l i e d  t o  f r a c t i o n s  11-12  (49 mg) a f f o r d e d  16 mg o f  
c a l e p r u n i n  B ( 9 5 ) .  P r e p a r a t i v e  TLC o f  f r a c t i o n s  13-14  (57 mg) w i t h
c h l o r o f o r m - a c e t o n e  ( 9 : 1 )  y i e l d e d  16 mg o f  t e l e k i n  ( 9 1 ) .
P ru n ic h r o m e n e  A ( 9 4 ) .  Ci/ |HnQ0 A, o i l ;  UV x^eOH nm: 222 ( e  4 . 4 4
. --------------------------------   1 4 1 8 4  ,  maxCHCl,  ,
104 ) ,  280 (e  1 . 5 3  x 104 ) ,  311 (e  1 . 0 4  x 104 ) ;  IR v J  c m ' 1 : 1608,max
1505 ( a r o m a t i c ) ;  EIMS ( p r o b e )  m/z_ ( r e l  . i n t . ) :  250 [M]+ ( 2 1 . 2 ) ,  235
[M-Me]+ ( 1 0 0 . 0 ) ,  220 [M-2Me]+ ( 4 . 2 ) ,  219 [M-MeO]+ ( 6 . 2 ) ,  205 [M-3Me]
( 1 7 . 7 ) ,  189 [M-2Me-MeO]+ ( 2 . 7 ) ;  CIMS ( i s o b u t a n e ) :  251 [M+l]+ .
P r u n ic h r o m e n e  B ( 9 5 ) .  y e l l o w  o i l ;  UV nm: 226
( e  6 . 2 7  X 104 ) ,  296 (e  1 . 1 8  X 104 ) ;  IR v ^ 1 3 c m '1 : 1608,  1580,
1498 ,  1465 ( a r o m a t i c ) ,  1125 ( e t h e r ) ;  EIMS ( p r o b e )  _m/z_ ( r e l . i n t . ) :
220 [M]+ ( 1 5 . 6 ) ,  205 [M-Me]+ ( 1 0 0 . 0 ) ,  190 [M-2Me]+ ( 1 7 . 8 ) ,  189
[M-MeO]+ ( 2 . 6 ) ;  CIMS ( i s o b u t a n e ) :  221 [M+l]+ .
C a l e p r u n i n  A ( 9 6 ) .  C - ^ H ^ O g ,  gum; UV X nm: 288 ( e 3 .1 4  x
104 ) ,  328 (e  2 . 3 9  x 104 ) ;  IR v 3 cm"1 : 1670 ( c o n j u g a t e d
c a r b o n y l ) ,  1620 ( d o u b l e  bo n d ,  a r o m a t i c ) ,  1550 ( a r o m a t i c ) ;  EIMS
( p r o b e )  jn/z_ ( r e l . i n t . ) :  250 [M]+ ( 9 9 . 5 ) ,  235 [M-Me]+ ( 1 0 0 . 0 ) ,  220
[M-2Me]+ ( 5 . 7 ) ,  207 [M-MeC0]+ ( 1 2 . 8 ) ,  205 [M-3MeO]+ ( 7 . 1 ) ,  192 [M-Me
MeC0]+ ( 3 0 . 9 ) ;  CIMS ( i s o b u t a n e ) :  251 [M + l ]+ .
C a l e p r u n i n  B ( 9 7 ) .  C - ^ H ^ O ^ ,  9um» ^V * max^ nm: X
104 ) ,  340 (e  1 . 2 5  x 104 ) ;  IR v CHC13 c m ' 1 : 1670 ( c o n j u g a t e d  ' ' max
c a r b o n y l ) ,  1620 ( d o u b l e  bo n d ,  a r o m a t i c ) ,  1548 ( a r o m a t i c ) ,  1495 
( a r o m a t i c ) ;  EIMS ( p r o b e )  ni/z_ ( r e l . i n t . ) :  220 [M]+ ( 1 0 0 . 0 ) ,  205 
[M-Me]+ ( 5 4 . 4 ) ,  189 [M-MeO]+ ( 1 . 9 ) ,  177 [M-MeC0]+ ( 1 2 . 5 ) ,  149 
[M-MeC0-C0]+ ( 2 0 . 3 ) ;  CIMS ( i s o b u t a n e ) :  221 [M+l]+ .
Chapter 7




7 . 1  I n t r o d u c t i o n
Chem ica l  a n a l y s i s  o f  C a le a  d i v a r i c a t a  Bentham from E s t a d o  
B o l i v a r ,  V e n e z u e la  y i e l d e d  t e n  compounds ,  r e p r e s e n t e d  by t h r e e  
f l a v o n e s ,  a g e r m a c r a n o l i d e ,  two h e l i a n g o l i d e s  and f o u r  f u r a n o -  
h e l i a n g o l i d e s .  The s t r u c t u r e s  o f  t h e  i s o l a t e d  compounds a r e  shown i n  
F i g u r e  7 - 1 .
From t h e  t e n  i s o l a t e d  compounds from C. d i v a r i c a t a ,  on ly  
l e p t o c a r p i n  a c e t a t e  (105)  had n o t  been p r e v i o u s l y  found  as  a n a t u r a l  
p r o d u c t .  The s t r u c t u r e s  o f  t h e  compounds shown i n  F i g u r e  7-1 were 
d e t e r m i n e d  by NMR and MS c o r r e l a t i o n s  w i t h  t h e  d a t a  o f  known 
compounds .  The s t r u c t u r e  o f  l e p t o c a r p i n  a c e t a t e  (105)  was deduced  
f rom s p e c t r o s c o p i c  d a t a  and  i t s  m o l e c u l a r  s t r u c t u r e  was e s t a b l i s h e d  
by s i n g l e  c r y s t a l  X - ray  d i f f r a c t i o n  a n a l y s i s .
The c h e m i s t r y  o f  t h e  s e s q u i t e r p e n e  l a c t o n e s  p r e s e n t  i n  C. 
d i v a r i c a t a  a g r e e s  w e l l  w i t h  t h a t  of  o t h e r  members o f  t h e  genus  C a l e a  
i n  t h a t  t h e  f u r a n o h e l i a n g o l i d e s  w i t h  a 6 a , 12 t r a n s - f u s e d  l a c t o n e  and 
an 8 3 - e s t e r  s i d e  c h a i n  a r e  t h e  p r e d o m i n a n t  l a c t o n e s  p r e s e n t .  The 
o c c u r e n c e  o f  t h e  g e r m a c r o l i d e  2 a - h y d r o x y e u p a t o l i d e - 8 - 0 - a n g e l a t e  
(106 )  i s  s i g n i f i c a n t  b e c a u s e  i t  i s  a l i k e l y  b i o g e n e t i c  p r o c u r s o r  o f  
t h e  e u d e s m a n o l i d e s  and g u a i a n o l i d e s  which  were  t h e  m ajo r  
c o n s t i t u t e n t s  o f  t h e  C a l e a  s p e c i e d  s t u d i e s  i n  C h a p t e r s  2 - 6 .
7 . 2  S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  Compounds from C a le a  D i v a r i c a t a .
The d r i e d  p l a n t  m a t e r i a l  was e x t r a c t e d  and worked  up a s  o u t l i n e d
i n  Scheme 2 - 1 ,  and p r o v i d e d  t h e  c r u d e  t e r p e n o i d  e x t r a c t  t h e  NMR
s p e c t r u m  o f  which i s  p r e s e n t e d  i n  F i g u r e  7 - 2 .
Column c h r o m a t o g r a p h y  o f  t h e  c r u d e  e x t r a c t  a s  d e s c r i b e d  i n  t h e
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Figure 7 -1 .  Compounds i s o la t e d  from C. d iv a r i c a t a .




e x p e r i m e n t a l  y i e l d e d  t h e  t h r e e  known f l a v o n e s ,  which were  i d e n t i f i e d
by *H NMR, UV and MS a n a l y s i s  and shown t o  be i d e n t i c a l  w i t h  a c a c e t i n
( 6 4 ) ,  0 - m e t h y l a c a c e t i n  (9 8 )  and a p i g e n i n  (99 )  by com p a r i s o n  w i t h  t h e
p u b l i s h e d  d a t a 13 ’ 6 0 .
The l a c t o n e  100 gave an 1H NMR s p e c t r u m  and an MS f r a g m e n t a t i o n
p a t t e r n  which was i d e n t i c a l  w i t h  t h e  d a t a  o f  a t r i p l i c i o l i d e  a n g e l a t e ,
1 8p r e v i o u s l y  i s o l a t e d  from C a le a  p i l o s a .  S p e c t r a l  d a t a  o f
l a c t o n e  102 i n d i c a t e d  i t s  i d e n t i t y  w i t h  l l , 1 3 - d i h y d r o x y - l l , 1 3 -
1 ^a t r i p l i c i o l i d e  a n g e l a t e  which i s  known t o  o c c u r  i n  C a le a  p i l o s a  , C.
13 7 7m o r i i  and C. t e r n i f o l i a  v a r .  c a l y c u l a t a .  Chemical  and p h y s i c a l
d a t a  o f  compound 101  c l e a r l y  d e m o n s t r a t e d  i t s  i d e n t i t y  w i t h  b u d l e i n
70
A, a l a c t o n e  p r e v i o u s l y  i s o l a t e d  from V i g u i e r a  b u d d l e i a e f o r m i s  and
7Q 1o t h e r  V i g u i e r a  s p e c i e s .  The H NMR and MS s p e c t r a  of  t h e  l a c t o n e  
103 were  i d e n t i c a l  w i t h  i l , 1 3 - d i h y d r o - l l a , 1 3 - e p o x i a t r i p l i c i o l i d e  
8 3 - O - a n g e l a t e ,  a c o n s t i t u e n t  o f  C. t e r n i f o l i a  v a r .  c a l y c u l a t a . ^  
Com par i son  o f  t h e  s p e c t r a l  d a t a  o f  compound 104 w i t h  t h e  ones o f  
l e p t o c a r p i n ,  a h e l i a n g o l i d e  f i r s t  i s o l a t e d  from L e p t o c a r p h a
on
r i  v u l a r i a  , c l e a r l y  d e m o n s t r a t e d  t h a t  t h e  compounds were  
i d e n t i c a l .  The 1H NMR s p e c t r a l  d a t a  o f  106 s u g g e s t e d  t h a t  i t  was a 
g e r m a c r a n o l i d e .  Double i r r a d i a t i o n  e x p e r i m e n t s  t o g e t h e r  w i t h  MS, UV 
and IR e v i d e n c e s  a l l o w e d  i t s  i d e n t i f i c a t i o n  as  t h e  known 
2 a - h y d r o x y e u p a t o l i d e - 8 - 0 - a n g e l a t e ,  f i r s t  found  i n  T h i t h o n i a
Q 1
r o t u n d i f o l i a .
The 13C NMR s p e c t r a l  d a t a  f o r  t h e  l a c t o n e s  103,  104,  1051 rx.rs.rv. r>, rx. rx rv rs
and 106 have  n o t  been p r e v i o u s l y  r e p o r t e d  and a r e  t h e r e f o r e  d e s c r i b e d  
h e r e  i n  T a b le  7 - 1 .  The peak m u l t i p l i c i t i e s  were  d e t e r m i n e d  by o f f -  
r e s o n a n c e  d e c o u p l i n g  and t h e  a s s i g n m e n t s  were  c o n f i r m e d  by s i n g l e -
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T a b l e  7 - 1 .  NNR s p e c t r a l  d a t a  o f  compounds 103 ,  104 ,  105• 1 ******
and 106 .** *% **
103 104
****** 105**»■*.*% 106
C - l 2 0 5 .1 9 s 6 0 . 6 8 d 6 0 .1 0 d 1 3 3 .8 9  d
C-2 1 0 4 .7 4 d 3 2 .5 3 t 3 0 .3 2 t 6 9 .2 1  d
C-3 182 .4 1 s 7 2 . 2 2 d 7 2 . 7 5 d 4 8 .1 6  t
C-4 1 3 8 .4 3 s 1 4 1 .6 5 s 1 38 .1 2 s 1 4 2 .6 4  s +
C-5 1 3 3 . 5 4 d 1 2 6 .3 9 d 1 2 5 .8 8 d 1 29 .3 7  d
C-6 7 5 .3 1 d 7 4 .1 7 d 7 4 .3 9 d 7 5 .5 3  d
C-7 4 6 . 8 9 d 4 8 . 4 4 d 4 8 .2 2 d 5 3 .1 6  d
C-8 7 0 .3 5 d 7 5 .8 2 d 7 5 .4 5 d 70 .9 7  d
C-9 4 1 . 7 8 t 4 3 . 6 3 t 4 3 .3 3 t 4 3 . 9 6  t
C-10 8 7 .8 1 s 5 8 .7 0 s 5 8 .1 5 s 1 3 4 .3 0  s +
C - l l 1 3 5 .8 7 s 1 2 6 .9 3 s 1 2 6 .2 1 s 1 2 5 .5 8  s
C-12 1 7 2 .2 7 s 1 6 9 .5 8 s 1 6 9 .2 0 s 169 .47  s
C—13 4 9 .9 2 t 1 2 4 .7 4 t 1 2 4 .8 8 t 121 .2 1  t
C-14 2 0 .7 3 q 2 2 . 9 4 q 2 2 .8 3 q 2 0 .4 8  q
C-15 6 2 . 1 4 t 2 0 . 3 3 q 2 0 . 1 6 q 1 8 .6 0  q
C-l* 166 .0 7 s 1 6 6 .4 2 s 165 .8 2 s 1 6 6 .3 4  s
C -2 ' 1 2 5 .7 7 s 1 3 7 .4 2 s 1 3 6 .8 3 s 1 3 6 .4 3  s +
C -2 ' - M e 1 9 .9 0 q 19 .6 7 q 1 9 .1 9 q 1 9 .7 4  q
C -3 ' -M e 1 5 .6 9 q 1 5 . 7 0 q 1 5 .7 0 q 1 5 .8 5  q
C - l " -------- — 1 6 9 .0 9 s --------
C-2" --------- - - - 2 0 . 9 2 s
+ A s s ig n m e n t s  i n t e r c h a n g e a b l e
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f r e q u e n c y  p r o t o n  d e c o u p l i n g  (SFORD), as  summarized  i n  T a b l e  7 - 1 .
L e p t o c a r p i n  a c e t a t e  ( 1 0 5 ) ,  C22H28®7» 1S a c ° T ° r ^ e s s > c r y s t a l l i n e  
compound (mp 2 1 0 . 5 - 2 1 1 . 0°C) w i t h  an IR s p e c t r u m  t h a t  shows t h e
p r e s e n c e  o f  a y - l a c t o n e  m o ie ty  (1750 cm- '*'), a s a t u r a t e d  e s t e r  (1725
1 1 cm ) ,  an u n s a t u r a t e d  e s t e r  (1710 cm ) ,  and d o u b l e  bonds (1660
1
cm ) .  T h re e  d i a g n o s t i c  o n e - p r o t o n  s i g n a l s ,  a m u l t i p l e t  a t  <5 2 .8 9
( H - 7 ) ,  and d o u b l e t s  a t  6 6 . 3 8  (H-13a)  and 5 . 7 8  (H-13b)  f u r t h e r
c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a a - m e t h y l e n e - y - l a c t o n e .  A t h r e e - p r o t o n
s i n g l e t  a t  6 2 . 1 2  and a s t r o n d  MS peak a t  m/z_ 43 s u g g e s t e d  an a c e t a t e
g roup  as  a s i d e  c h a i n ,  w h i l e  a q u a r t e t  o f  q u a r t e t s  a t  6 6 . 1 7 ,  a
d o u b l e t  o f  q u a r t e t s  a t  6 2 .0 1  and b r o a d e n e d  d o u b l e t  a t  6 1 . 8 8 ,
1 *?t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  pe a ks  a t  m/z_ 83 (A ) and 55 (A )
i n d i c a t e d  an a n g e l a t e  g roup  as  a s e c o n d  s i d e  c h a i n .  F u r t h e r
1
a s s i g n m e n t s  o f  t h e  b a s i c  s k e l e t a l  H NMR s i g n a l s  were  d e d u c ed  from 
e x t e n s i v e  d o u b l e  r e s o n a n c e  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  i n  
T a b l e  7 - 2 .
F i g u r e s  7 - 4  and 7 -5  show t h e  NMR s p e c t r a  o f  l e p t o c a r p i n  
a c e t a t e  ( 1 0 5 )  in  b e n z e n e - d g  and CDC13 , r e s p e c t i v e l y .  T h i s  
i l l u s t r a t e s  t h e  s o l v e n t  e f f e c t s  on t h e  s e p a r a t i o n  o f  s i g n a l s  and 
s i m p l i f i c a t i o n  o f  t h e  NMR s p e c t r a .
Com pari son  o f  t h e  *H NMR s p e c t r u m  o f  compound 105 w i t h  t h e  one 
o f  l e p t o c a r p i n  ( 1 0 4 ) ,  c l e a r l y  showed t h a t  105 was t h e  a c e t a t e  
d e r i v a t i v e  o f  l e p t o c a r p i n  s i n c e  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a  were  
t h e  p r e s e n c e  o f  an a c e t a t e  s i g n a l  (6  2 . 1 2 )  i n  t h e  s p e c t r u m  o f  105,  
and  t h e  p a r a m a g n e t i c  s h i f t  o f  t h e  H-3 s i g n a l  f rom <S 4 . 5 0  i n  104 t o  6 
5 . 2 4  i n  compound 105.
The 13C NMR s p e c t r a l  d a t a  o f  l e p t o c a r p i n  a c e t a t e  ( T a b l e  7 - 1 )
Table 7 - 2 .  NMR s pectra l  data* o f  l e p to c a r p in  a c e t a t e  (105 ) .
C6D6 CDC13
H-■ 1 2 .3 7 dd ( 1 0 . 5 ;  4 . 5 )
C
O•
CM - 2 . 9 2 m#
H- 2a 2 .0 3 d t ( 1 5 . 5 ;  5 . 0 ) 2 .57 d t
H-■ 2b 1 .4 1 ddd ( 1 5 . 5 ; 1 0 . 0 ; 2 . 0 ) 1 .7 3 ddd
H- 3 4 .9 4 dd ( 5 . 0 ; 2 . 8 ) 5 .19- -5 .27 m#
H-■ 5 4 . 7 1 b r  dd ( 1 1 . 0 ; 1 . 3 ) 5 . 2 9 dq
H- 6 6 . 0 0 dd ( 1 1 . 0 ; 2 . 0 ) 6 .1 4 dd
H- 7 2 . 0 0 m 2 .8 7 - -2 .9 2 m#
H- 8 5 .0 2 m
T
v
'­ ll CD • o 5 .19 - -5 .27 m#
H- 9a 2 . 7 9 dd ( 1 5 . 0 ; 4 . 5 ) 2 . 8 3 dd
H- 9b 1 .00 dd ( 1 5 . 0 ; 3 . 0 ) 1 .36 dd
H- 13a 6 .2 1 d ( 2 . 1 ) 6 . 3 8 d
H- 13b 5 .1 2 d ( 2 . 0 ) 5 .7 8 d
H- 14 1 .3 7 s 1 .5 0 s
H- 15 1 .47 d ( 1 . 3 ) 1 .91 d
OAng 5 . 7 0 qq ( 7 . 2 ; 1 . 5 ) 6 . 1 5 qq#
1 .97 dq ( 7 . 2 ; 1 . 5 ) 2 .0 3 dq
1 .8 1 b r  d ( 1 . 5 ) 1 . 8 8 d
OAc 1 .8 0 s 2 .1 2 s
* S p e c t r a  run  a t  200 MHz and  a t  a m b i e n t  t e m p e r a t u r e .  TMS u s e d  a s  
i n t e r n a l  s t a n d a r d .
# 0 b s c u r e d  by o t h e r  s i g n a l s .
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were  in  c o m p l e t e  a g re e m e n t  w i t h  t h e  s t r u c t u r e  shown in  105.  The
1 o
a s s i g n m e n t  o f  t h e  C NMR s i g n a l s  o f  compound 105 were deduced  by t h e  
h e t e r o n u c l e a r  m u l t i p u l s e  p rogram s  DEPT and I N E P T ^ * ^ ,  as  i l l u s t r a t e d  
i n  F i g u r e s  7 - 6 ,  7-7 and 7 - 8 .
F i n a l  c o n f i r m a t i o n  o f  t h e  s t r u c t u r e  o f  l e p t o c a r p i n  a c e t a t e  
(105)  was o b t a i n e d  by s i n g l e  c r y s t a l  X- ray  d i f f r a c t i o n  a n a l y s i s  as  
i l l u s t r a t e d  i n  F i g u r e  7 - 3 .
cm)
Figure 7 -3 .  Stereoscopic  representat ion o f  leptocarpin  a c e t a t e (105) .
7 .3  E x p e r i m e n t a l
7 . 3 . 1  I n s t r u m e n t a t i  o n .
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were d e s c r i b e d  i n  2 . 3 . 1  
were  u s e d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  t h e  compounds i s o l a t e d  f rom 
C a l e a  d i v a r i c a t a .
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Figure  7 -4 . Benzene-dg NMR spectrum o f lep to c a rp in  a c e ta te  
(105).
O A n g
A c O
OAc
Figure 7 -5 . CDClj H NMR spectrum of lep to c a rp in  a c e ta te  
(105).
O A n g
A c O
>3b
Figure 7 - 6 .  NMR spectrum o f  l e p to ca r p in  a c e t a t e  (1 0 5 ) .
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Figure  7 - 7 .  13C NMR DEPT sp ectra  o f  l e p to c a r p in  a c e t a t e  (105 ) .
DEPT 0 = 9 0
DEPT 0=135
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Figure 7 - 8 .  NMR INEPT spectrum o f  l e p to ca r p in  a c e t a t e  (105 ) .
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7 . 3 . 2  I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  compounds from C. 
di  v a r i  c a t a .
C a l e a  d i v a r i c a t a  Bentham was c o l l e c t e d  on December 19 ,  1979 i n  
E s t a d o  B o l i v a r ,  V e n e z u e l a ,  c a .  165 km South o f  El Dorado ( J .  P r u s k i  
and J .  S t e y e r m a r k ,  No. 1426,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .
The a i r  d r i e d  p l a n t  m a t e r i a l  (682 g) was g round  and e x t r a c t e d  as  
d e s c r i b e d  e a r l i e r  (Scheme 2 - 1 ) ,  and y i e l d e d  1 1 .8  g o f  c r u d e  t e r p e n o i d  
e x t r a c t .  The c r u d e  s y r u p  was c h r o m a to g r a p h e d  on a s i l i c a  gel column 
(500  g) w i t h  p e t r o l e u m  e t h e r - e t h y l  a c e t a t e  m i x t u r e s  o f  i n c r e a s i n g  
p o l a r i t y  f i r s t  and t h e n  w i t h  e t h y l  a c e t a t e - a c e t o n e  m i x t u r e s  (3%, 5%, 
10%, 25% and 50%). S e v e n t y - f i v e  f r a c t i o n s  o f  200 ml each  were 
c o l  1e c t e d .
F r a c t i o n s  16 -26  a f f o r d e d  182 mg o f  0 - m e t h y l a c e c e t i n  (98 )  as
y e l l o w  n e e d l e s  on r e c r y s t a l l i z a t i o n  f rom c h l o r o f o r m - h e x a n e .
F r a c t i o n s  3 1 -3 2  (30 mg) gave  11 mg o f  100 a f t e r  p u r i f i c a t i o n  by TLC
on s i l i c a  gel w i t h  h e x a n e - a c e t o n e  ( 2 0 : 1 ) .  F r a c t i o n s  33 -35  (145 mg)
p r o v i d e d  138 mg o f  impure  compound 102,  which  was r e c r y s t a l l i z e d  from
h e x a n e - e t h y l  a c e t a t e  t o  g i v e  120 mg o f  c o l o r l e s s  c r y s t a l s ,  mp 125°C 
1 ^[ L i t e r a t u r e  : gum].  F r a c t i o n s  3 6 -3 8  y i e l d e d  68 mg of  a c a c e t i n  (64 )  
a s  y e l l o w  c r y s t a l s  on e v a p o r a t i o n  o f  t h e  s o l v e n t .  F r a c t i o n s  39-41  
(870  mg) were  p u r i f i e d  by r e c r y s t a l l i z a t i o n  from e t h y l  a c e t a t e - h e x a n e  
and  y i e l d e d  630 mg o f  p u r e  l e p t o c a r p i n  a c e t a t e  (105)  a s  c o l o r l e s s  
p r i s m s .  F r a c t i o n s  42 -44  (230 mg) were r e c h r o m a t o g r a p h e d  on s i l i c a  
gel  p l a t e s  w i t h  h e x a n e - a c e t o n e  ( 4 : 1 )  t o  g i v e  61 mg o f  l e p t o c a r p i n  
( 1 0 4 ) .  F r a c t i o n  45 a f f o r d e d  7 mg o f  a p i g e n i n  (99 )  as  a y e l l o w  
pow der .
F r a c t i o n s  46 -47  (120  mg) y i e l d e d  53 mg o f  2 a - h y d r o x y e u p a t o l i d e -
8 - 0 - a n g e l a t e  (106 )  a f t e r  p r e p a r a t i v e  TLC on s i l i c a  gel  w i t h  h e x a n e -
a c e t o n e  ( 4 : 1 ) .  F r a c t i o n s  49 -50  (400 mg) gave 260 mg o f  compound 101
a f t e r  r e c r y s t a l l i z a t i o n  f rom e t h y l  a c e t a t e - h e x a n e .  F r a c t i o n s  51 -53
(310 mg) a m i x t u r e  o f  compounds 101 and 103 ,  which a f t e r  r e p e t i t i v e
TLC on s i l i c a  gel  y i e l d e d  73 mg o f  t h e  l a c t o n e  103.
L e p t o c a r p i n  a c e t a t e  ( 1 0 5 ) .  C22H2g0y ,  mP 2 1 0 . 5 - 2 1 1 . 0°C [ L i t . ® 1*
1 8 0 - 1 8 2 ° C ] ;  IR v C^ C13 cm"1 : 1750 ( y - l a c t o n e ) ,  1725 ( a c e t a t e ) ,  1710 max
( u n s a t u r a t e d  e s t e r ) ,  1660 ( d o u b l e  b o n d s ) ;  CD (MeOH; c 4 . 6 2  x 10"4 ): 
[ g ] 2 4 o + 6 .1 6  x 104 , [ 0 ] 2 i 2 “ 5 *54 x x 1 o 5 > ( p r o b e )  m / z _ ( r e l .
i n t . ) :  362 [M-CH2C 0 ] + ( 0 . 2 ) ,  344 [M-H0Ac]+ ( 0 . 2 ) ,  304 [M-A]+ ( 0 . 2 ) ,  
262 [M-CH2C0-A]+ ( 3 . 1 ) ,  261 [M-A-C02 ] + ( 1 3 . 0 ) ,  244 [M-A-H0Ac]+ ( 4 . 5 ) ,  
83 [A1+] ( 1 0 0 . 0 ) ,  55[A2 ] + ( 2 7 . 1 ) ,  43 [ A c ] + ( 1 4 . 5 ) .
Chapter 8




8 . 1  I n t r o d u c t i o n
Chemica l  a n a l y s i s  o f  C a l e a  s e p t u p l i n e r v i a  H i e r o n .  f rom La Mucuy, 
V e n e z u e la ,  y i e l d e d  two f l a v o n e s  and two s e s q u i t e r p e n e  l a c t o n e s .  The 
s t r u c t u r e s  o f  t h e  i s o l a t e d  compounds a r e  shown i n  F i g u r e  8 - 1 .
Com pari son  o f  t h e  s p e c t r a l  d a t a  o f  t h e  f l a v o n e s  w i t h  t h e  ones  o f  
a u t h e n t i c  s a m p l e s ,  a l l o w e d  t h e i r  i d e n t i f i c a t i o n  as  a c a c e t i n  (64 )  and 
0 - m e t h y l a c a c e t i n  ( 9 8 ) .  The e u d e s m a n o l i d e  91 was found  t o  be t e l e k i n ,
op oo
a common c o n s t i t u e n t  o f  T e l e k i a  s p e c i e s ,  ’ bu t  a l s o  p r e v i o u s l y
O ' !
i s o l a t e d  f rom C. s z y s z y l o w i c z i i  and C. p r u n i f o l i a  f rom C o s t a  R i c a .
Only t h e  compound 107,  which was named s e p t u p l i n o l i d e ,  had not  
been i s o l a t e d  b e f o r e .  The s t r u c t u r e  o f  t h e  new compound was 
e s t a b l i s h e d  by c he m ic a l  and s p e c t r o s c o p i c  m e t h o d s .
8 . 2  The S t r u c t u r e  D e t e r m i n a t i o n  o f  S e p t u p l i n o l i d e  from C.
S e p t u p l i n e r v i a .
F i g u r e  8 -2  shows t h e  NMR s p e c t r u m  o f  t h e  c r u d e  t e r p e n o i d  
e x t r a c t  o f  C. s e p t u p l i n e r v i a ,  o b t a i n e d  by t h e  p r o c e d u r e  o u t l i n e d  in  
Scheme 2 - 1 .  Column f r a c t i o n a t i o n  o f  t h i s  e x t r a c t ,  f o l l o w e d  by t h e  
p u r i f i c a t i o n  p r o c e d u r e s  d e s c r i b e d  in  t h e  e x p e r i m e n t a l ,  y i e l d e d  t h e  
f o u r  compounds r e p r e s e n t e d  in  F i g u r e  8 - 1 .
The s t r u c t u r e s  o f  t h e  known compounds were e s t a b l i s h e d  by 
c o m p a r i s o n  o f  t h e i r  NMR s p e c t r a  and MS f r a g m e n t a t i o n  p a t t e r n s ,  







F i g u r e  8 - 1 .  Compounds i s o l a t e d  from C. s e p t u p l i n e r v i a .
Figure 8 - 2 .  NMR spectrum o f  the crude e x t r a c t  o f  C.
s e p t u p l i n e r v i a .
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S e p t u p l i n o l i d e  ( 1 0 7 ) ,  a c r y s t a l l i n e  compound (mp
171-172°C )  w i t h  an IR s p e c t r u m  t h a t  i n d i c a t e s  t h e  p r e s e n c e  o f  a 
h y d r o x y l  (3600 and 3480 cm"'*'), a y - l a c t o n e  (1755 cm"'*'), and a d o u b l e  
bond (1665 cm” '*'). The p r e s e n c e  of  an a - m e t h y l e n e - y - l a c t o n e  was 
f u r t h e r  c o r r o b o r a t e d  by t h e  NMR s p e c t r u m  o f  107 ( F i g u r e  8 - 4 )  which 
e x h i b i t e d  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 0 8  (H-13a)  and 5 .5 5  ( H - l 3 b ) ,  
and  a o n e - p r o t o n  m u l t i p l e t  a t  6 2 .9 6  ( H - 7 ) .  N e i t h e r  t h e  *H NMR o f  
107 ,  n o r  i t s  IR s p e c t r u m  i n d i c a t e d  t h e  p r e s e n c e  o f  a s i d e  c h a i n .  The 
a s s i g n m e n t s  o f  t h e  b a s i c  NMR s i g n a l s  o f  107 were deduced  from 
d e t a i l e d  s p i n  d e c o u p l i n g  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  in  
T a b l e  8 - 1 .
Due t o  t h e  l e s s e r  o v e r l a p  o f  t h e  *H NMR s i g n a l s  i n  b e n z e n e - d g  as  
compared t o  CDCI3 , t h e  f o l l o w i n g  d i s c u s s i o n s  a r e  b a s e d  on t h e  d a t a  
o b t a i n e d  w i t h  t h e  f o r m e r  s o l v e n t .  Double  i r r a d i a t i o n  o f  t h e  
m u l t i p l e t  a t  6 2 . 2 5  ( H - 7 ) ,  c o l l a p s e d  bo th  o n e - p r o t o n  d o u b l e t s  a t  6 
6 . 0 4  (H -13a )  and 5 . 0 0  (H-13b)  t o  s i n g l e t s ,  changed  t h e  t h r e e - f o l d  
d o u b l e t  a t  6 3 . 7 9  (H-8 ) t o  a d o u b l e t  o f  d o u b l e t s ,  and c o l l a p s e d  b o t h ,  
t h e  t h r e e - f o l d  d o u b l e t  a t  6 1 . 8 0  (H-6 a )  t o  a d o u b l e t  o f  d o u b l e t s  and 
t h e  t w o - f o l d  d o u b l e t  a t  6 1 .01  (H -6 b) t o  a d o u b l e t .  On t h e  b a s i s  o f  
c h e m i c a l  s h i f t s  a r g u m e n t s ,  t h e  t h r e e - f o l d  d o u b l e t  a t  6 3 . 7 9  was 
a s c r i b e d  t o  t h e  l a c t o n i c  p r o t o n .
S p i n  d e c o u p l i n g  o f  t h e  l a c t o n i c  p r o t o n  ( 6  3 . 7 9 ) ,  changed  H-7 ( 6  
2 . 2 5 )  t o  a d o u b l e t  o f  d o u b l e t s ,  and  c o l l a p s e d  bo th  d o u b l e t  o f  
d o u b l e t s  a t  6 1 . 7 4  (H -9a)  and 0 . 8 3  (H-9b)  t o  d o u b l e t s .  In  r e t u r n ,  
i r r a d i a t i o n  o f  e i t h e r  o f  t h e  H-9 p r o t o n s ,  changed  t h e  o t h e r  H-9 t o  a 
d o u b l e t  and s i m p l i f i e d  t h e  l a c t o n i c  s i g n a l  a t  6 3 . 7 9  (H -8 ) .
Double i r r a d i a t i o n  o f  t h e  t h r e e - f o l d  d o u b l e t  a t  6 1 . 8 0  (H -6 a ) ,
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changed  t h e  H-7 m u l t i p l e t  a t  6 2 . 2 5 ,  c o l l a p s e d  t h e  d o u b l e t  of  
d o u b l e t s  a t  6 1 .01  (H-6 b) t o  a d o u b l e t ,  and s i m p l i f i e d  t h e  r e g i o n  5 
1 . 0 8 - 1 . 3 0  ( H - 5 ) .  A s i m i l a r  change  i n  t h e  H-5 and H-7 s i g n a l s ,  and 
t h e  s i m p l i f i c a t i o n  o f  t h e  H-6 a s i g n a l  ( 6  1 . 8 0 )  t o  a d o u b l e t  o f  
d o u b l e t s  was o b s e r v e d  upon i r r a d i a t i o n  o f  t h e  s i g n a l  a t  6 1 . 0 1  
(H-6 b ) .
13D e t a i l e d  C NMR s t u d i e s  i n v o l v i n g  p r o t o n - n o i s e  d e c o u p l i n g ,
s i n g l e  f r e q u e n c y  o f f - r e s o n a n c e  d e c o u p l i n g ,  and h e t e r o n u c l e a r
m u l t i p u l s e  e x p e r i m e n t s  c o r r o b o r a t e d  t h e  *H NMR a s s i g n m e n t s ,  and a r e
13summarized  i n  T a b l e  8 - 2 .  The a n a l y s i s  o f  t h e  C NMR s p e c t r a l  d a t a  
showed t h e  p r e s e n c e  o f  4 q u a t e r n a r y ,  3 t e r t i a r y ,  6 s e c o n d a r y ,  and 2 
p r i m a r y  c a r b o n  a to m s ,  a c c o u n t i n g  f o r  15 c a rb o n  atoms i n  t h e  
s e p t u p l i n o l i d e  m o l e c u l e .  F i g u r e  8 - 5  shows t h e  p r o t o n - n o i s e  d e c o u p le d  
s p e c t r u m  o f  107 ,  w h i l e  F i g u r e  8 - 6  i l l u s t r a t e s  t h e  m u l t i p u l s e  DEPT
1 Q
s p e c t r a  t h a t  a l l o w e d  t h e  a s s i g n m e n t s  o f  t h e  C NMR s i g n a l s .
The p r e s e n c e  in  t h e  CDCI3 *H NMR s p e c t r u m  o f  107 o f  two t h r e e -  
p r o t o n  s i n g l e t s  a t  6 0 . 9 4  (H-14)  and 1 .0 8  ( H - 1 5 ) ,  t h a t  c o r r e s p o n d  t o  
an a n g u l a r  methyl  g roup  and t o  a m ethy l  on a c a rb o n  b e a r i n g  an 
h y d r o x y l  g r o u p ,  r e s p e c t i v e l y ,  s u g g e s t e d  an e u d e s m a n o l i d e - t y p e  
s k e l e t o n  w i t h  an OH group  a t  C - 4 .  On t h e  o t h e r  h a n d ,  s i n c e  t h e  s p i n  
d e c o u p l i n g  e x p e r i m e n t s  ( T a b le  8 - 1 )  c l e a r l y  showed t h a t  t h e  c a r b o n s  
b e a r i n g  H-7 and t h e  l a c t o n i c  p r o t o n  w ere  bo th  l i n k e d  t o  a m e t h y l e n e  
g r o u p ,  we f o r m u l a t e d  t h e  s t r u c t u r e  o f  107 as  a 7 , 8 - l a c t o n i z e d  
e u d e s m a n o l i d e .  The sm a l l  c o u p l i n g  J 7 g = 5 . 0  Hz i n d i c a t e d  t h a t  t h e  
a - m e t h y l e n e - y - l a c t o n e  m o ie ty  was p r o b a b l y  c i s - f u s e d  t o  t h e  eudesmane  
s k e l e t o n .  The CD s p e c t r u m  o f  107 ( F i g u r e  8 - 3 )  showed a n e g a t i v e  band 
a t  252 nm i n d i c a t i v e  o f  a n e g a t i v e  C o t t o n  e f f e c t  o f  t h e  n-*-ir
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t r a n s i t i o n  o f  t h e  a - m e t h y l e n e - y - l a c t o n e  r i n g ,  t h u s  f u r t h e r  s u p p o r t i n g  





F i g u r e  8 - 3 .  CD s p e c t r u m  o f  s e p t u p l i n o l i d e  ( 1 0 7 ) .
The c o n f i g u r a t i o n  a t  C-4 was d e t e r m i n e d  by in  s i t u  a c y l a t i o n  o f  
t h e  hydroxy  g roup  w i t h  t r i c h l o r o a c e t y l  i s o a y a n a t e . 53  The *H NMR 
s p e c t r u m  o f  t h e  t r i c h l o r o a c e t y l c a r b a m a t e  d e r i v a t i v e  108 ,  showed t h e  
p r e s e n c e  o f  one NH s i g n a l  a t  6 8 . 2 3  which  f u r t h e r  s u p p o r t e d  t h e  
p r e s e n c e  o f  an OH group i n  compound 107.  The p a r a m a g n e t i c  a c y l a t i o n  
s h i f t  o f  t h e  H-15 s i g n a l  f rom  6 1 . 0 8  i n  107 t o  6 1 . 5 0  i n  108 
(a<5=0.42) was c o n s i s t e n t  w i t h  t h e  p r e s e n c e  o f  an OH group a t  C -4 .  
S i m u l t a n e o u s l y ,  t h e  a b s e n c e  o f  a s i g n i f i c a n t  s h i f t  o f  t h e  H-5 s i g n a l ,  
t o g e t h e r  w i t h  a p r o n o u n c e d  p a r a m a g n e t i c  s h i f t  o f  H-3a from 6 1 . 7 8  
i n  107 t o  6 2 . 6 3  i n  108 (A6 = 0 . 8 5 )  which  was i n  a c c o r d  w i t h  t h e
CO
known g - s h i f t  i n  t h e  r e l a t i v e  a x i a l - e q u a t o r i a l  a r r a n g e m e n t  o f  t h e  
H-C3 -C4 -OH p o r t i o n  o f  t h e  m o l e c u l e ,  c l e a r l y  i n d i c a t e d  a r e l a t i v e  
t r a n s  c o n f i g u r a t i o n  o f  t h e  t e r t i a r y  OH a t  C-4 and H-5,  and t h e r e f o r e






a 3 - o r i e n t a t i o n  f o r  t h e  OH group  a t  C -4 .
Based on t h e  e v i d e n c e  p r e s e n t e d  above  t h e  s t e r e o s t r u c t u r e  shown 
i n  107 was f o r m u l a t e d  as  t h e  most  p r o b a b l e  f o r  s e p t u p l i n o l i d e .
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1 ^Figure  8 - 6 .  NMR heteron u c le ar  m u l t ip u l s e  DEPT sp ec tra  o f  107.
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T a b l e  8 - 1 .  NMR s p e c t r a l  d a t a *  o f  s e p t u p l i n o l i d e  ( 1 0 7 ) .
CDC13 b e n z e n e - d 6
H- 1 1 .35- - 1 . 4 6 # 1.08- - 1 . 3 0 #
H- 2 1.35- - 1 . 4 6 # 1 .0 8- - 1 . 3 0 #
H- 3a 1 .7 8 m 1 . 5 0 m
H- 3b 1.35- - 1 . 4 6 # 1.08- - 1 .3 0 #
H- 5 1 .45- - 1 . 5 6 # 1 .0 8 - - 1 . 2 5 #
H- 6 a 1 .94- -2 . 1 0 # 1 .8 0 ddd ( 1 3 . 5 ; 7 . 2 ; 2 . 0 )
H- 6 b 1 .15 - • 1 . 4 5 # 1 . 0 1 b r  dd ( 1 3 . 5 ; 1 1 .0 )
H- 7 2 .9 6 m 2 . 2 5 m
H- 8 4 .4 4 ddd ( 5 . 0 ; 5 . 0 ; 2 . 0 ) 3 . 7 9 ddd ( 5 . 5 ; 5 . 0 ; 2 . 0 )
H- 9a 2 .0 8 dd ( 1 5 . 5 ; 2 . 0 ) 1 .7 4 dd ( 1 5 . 5 ; 2 . 0 )
H- 9b 1 .4 3 dd ( 1 5 . 5 ; 5 . 0 ) 0 . 8 3 dd ( 1 5 . 5 ; 2 . 0 )
H-13a 6 .0 8 d ( 1 . 2 ) 6 . 0 4 d ( 1 . 2 )
H-13b 5 .5 5 d ( 1 . 2 ) 5 . 0 0 d ( 1 . 1 )
H-14 0 . 9 4 s 0 . 7 6 s
H-15 1 .0 8 s 0 . 7 8 s
♦ S p e c t r a  run  a t  200 MHz a t  a m b i e n t  t e m p e r a t u r e .  TMS was u s e d  as  
i n t e r n a l  s t a n d a r d .  C o u p l i n g  c o n s t a n t s  ( J )  o r  l i n e  s e p a r a t i o n s  i n  
h e r t z  a r e  g i v e n  i n  p a r e n t h e s e s .
^ O b s c u r e d  by o t h e r  s i g n a l s .
Table 8 - 2 .  nmr s p e c tr a l  data* o f  s e p t u p l i n o l i d e  (1 0 7 ) .
c- 1 2 4 .6 t a
C- 2 1 9 .3 t a
C- 3 4 3 . 2 t b
C- 4 7 1 . 6 s
C- 5 4 1 .1 d
C- 6 4 3 . 3 t b
C- 7 5 1 .2 d
C- 8 7 6 . 8 d
C- 9 4 4 . 9 t b
C-10 3 3 . 1 s
C - l l 1 4 1 .0 s
C-12 1 7 0 .7 s
C—13 1 2 0 . 1 t
C-14 1 9 .6 q
C-15 2 2 .5 q
*The s p e c t r u m  was o b t a i n e d  i n  CDCI3 a t  a m b i e n t  t e m p e r a t u r e  a t  
5 0 .3 2  MHz. Peak m u l t i p l i c i t y  was o b t a i n e d  by h e t e r o n u c l e a r  
m u l t i  p u l s e  p r o g r a m s .
a  »bA s s i g n m e n t s  i n t e r c h a n g e a b l e .
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8 . 3  E x p e r i m e n t a l
8 . 3 . 1  I n s t r u m e n t a t i  on .
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were  d e s c r i b e d  in  
s e c t i o n  2 . 3 . 1  were  u se d  t o  o b t a i n  t h e  d a t a  p r e s e n t e d  i n  t h i s  c h a p t e r .
8 . 3 . 2  I s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  compounds from C a l e a  
s e p t u p l i n e r v i a .
C a l e a  s e p t u p l i n e r v i a  H i e r o n .  was c o l l e c t e d  on December 11 ,  1979
i n  La Mucuy, V e n e z u e la ,  a l o n g  t h e  r i v e r  on l e f t  s i d e  o f  t h e  road
t o w a r d s  t h e  g a t e  o f  t h e  N a t i o n a l  Park  (L.  U r b a t s c h ,  J .  P r u s k i  and N.
F i s c h e r ,  No. 3457,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The a i r
d r i e d  p l a n t  m a t e r i a l  (830  g ) ,  was e x t r a c t e d  and worked  up as
d e s c r i b e d  b e f o r e  (Scheme 2 - 1 ) ,  and p r o v i d e d  4 . 8  g o f  t h e  c r u d e
t e r p e n o i d  e x t r a c t .  Column c h ro m a to g r a p h y  o f  t h i s  c r u d e  s y r u p  on
s i l i c a  gel w i t h  h e x a n e - e t h y l  a c e t a t e  m i x t u r e s  f i r s t  and t h e n  w i t h
e t h y l  a c e t a t e - a c e t o n e  m i x t u r e s ,  p r o v i d e d  80 f r a c t i o n s  o f  200 ml e a c h .
F r a c t i o n s  20 -22  (117 mg) y i e l d e d  31 mg o f  0 - m e t h y l a c a c e t i n  (98)
as  y e l l o w  n e e d l e s  upon e v a p o r a t i o n  o f  t h e  s o l v e n t .  F r a c t i o n s  27 -29
(120 mg) gave  80 mg o f  a y e l l o w  powder i d e n t i f i e d  as  a c a c e t i n  (64 )  by
t h e  same p r o c e d u r e .
F r a c t i o n  26 (55 mg) was p u r i f i e d  by r e p e t i t i v e  TLC on s i l i c a  gel
w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 )  a f f o r d i n g  11 mg o f  t e l e k i n  ( 9 1 ) ,  w h i l e
f r a c t i o n s  36 -38  (195 mg) gave 122 mg o f  p u r e  s e p t u p l i n o l i d e  (107)  as
a c o l o r l e s s  c r y s t a l l i n e  compound upon c r y s t a l l i z a t i o n  by vapor
5 9d i f f u s i o n  from p e t r o l e u m  e t h e r - c h l o r o f o r m .
S e p t u p l i n o l i d e  ( 1 0 7 ) .  C15H220 g , mp 171 -172°C ;  UV \  nm: end 
a b s o r p t i o n ;  CD (MeOH; c 2 . 8 8  x 1 0 " ^ ) :  [ © I g n  + 3 .7  x 10^ ,  [ g ] 2 5 2  "
5 . 8  x 103 ; IR v CHC13 cm- 1 : 3580 (OH), 3500 ( b r ,  OH), 1755 ( y -  
max
l a c t o n e ) ,  1665 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  jti/ z_ ( r e l . i n t . ) :  250 [M]+ 
( 0 . 8 ) ,  235 [M-Me]+ ( 3 . 7 ) ,  233 [M-0H]+ ( 5 . 3 ) ,  232 [M-H20 ] + ( 3 2 . 4 ) ,  217 
[M-H20-Me]+ ( 9 . 0 ) ,  204 [M-H20 - C 0 ] + ( 7 . 2 ) ,  189 [M-H20-M e-C0]+ ( 7 . 1 ) .
Chapter 9




9 . 1  I n t r o d u c t i o n
C a l e a  m eg a c e p h a la  R ob inson  and Greenman from C h i a p a s ,  M ex ico ,  
was i n v e s t i g a t e d  c h e m i c a l l y  f o r  i t s  s e s q u i t e r p e n i c  c o n s t i t u e n t s .  I t s  
c h e m i c a l  a n a l y s i s  y i e l d e d  two new s e s q u i t e r p e n e  l a c t o n e s ,  d e s a c y l -  
i s o v a l e r y l  h e l i a n g i n e  (109 )  and 8 3 - m e t h a c r y l o x y - t e r n i f o l i n  ( 1 1 0 ) .
The s t r u c t u r e s  o f  t h e  new compounds were e s t a b l i s h e d  by s p e c t r o s c o p i c  
m e t h o d s .  F i g u r e  9-1 shows t h e  two new compounds i s o l a t e d  f rom C. 
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Figure 9 -1 .  Compounds i s o la t e d  from C. megacephala.
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9 - 2  S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  Compounds I s o l a t e d  from 
C.  M e g a c e p h a la .
F i g u r e  9-2  i l l u s t r a t e s  t h e  *H NMR s p e c t r u m  o f  t h e  c r u d e  
t e r p e n o i d  e x t r a c t  o f  C. m e g a c e p h a l a .  F r a c t i o n a t i o n  o f  t h i s  e x t r a c t  
by column c h r o m a t o g r a p h y ,  a f f o r d e d  t h e  two new compounds ,  t h e  
s t r u c t u r e  o f  which  w i l l  be d i s c u s s e d  b e lo w .
D e s a c y l - i s o v a l e r y l h e l i a n g i n e  ( 1 0 9 ) ,  8 2 0 ^ 2 8 ^ 6 ’ was a 9um an 
IR s p e c t r u m  t h a t  i n d i c a t e d  t h e  p r e s e n c e  o f  an hy d ro x y l  group (3580
and 3440 cm"'*'), a y - l a c t o n e  (1750 cm” *'), a s a t u r a t e d  e s t e r  (1730
1 1 cm ) and a d o u b l e  bond (1655 cm " ) .  The a - m e t h y l e n e - y - l a c t o n e  was
1
f u r t h e r  c o r r o b o r a t e d  by t h e  H NMR s p e c t r u m  o f  109 ( F i g u r e  9 - 3 )  which 
e x h i b i t e d  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 3 6  (H-13a)  and 5 .7 7  ( H -1 3 b ) ,  
and a o n e - p r o t o n  m u l t i p l e t  a t  6 2 .8 6  ( H - 7 ) .  The s a t u r a t e d  e s t e r  s i d e  
c h a i n  was a s s i g n e d  t o  an i s o v a l e r a t e  g roup  on t h e  b a s i s  o f  t h e  
d i a g n o s t i c  *H NMR s i g n a l s  (a  d o u b l e t  a t  6 2 . 1 8 ,  a m u l t i p l e t  a t  6 
2 . 0 9 ,  and a s i x - p r o t o n  d o u b l e t  a t  6 0 . 9 0 ) ,  t o g e t h e r  w i t h  
c h a r a c t e r i s t i c  mass s p e c t r a l  p e a k s  (a  b a s e  peak  a t  ni/z_ 85 (A*- ) ,  and
O O
v e ry  s t r o n g  p e a ks  a t  m/z_ 57 (A ) and 43 (A ) .  The a s s i g n m e n t s  o f  t h e
*H NMR s i g n a l s  was de duc ed  from d e t a i l e d  d o u b l e  i r r a d i a t i o n
e x p e r i m e n t s ;  t h e  r e s u l t s  a r e  summarized  i n  T a b l e  9 - 1 .
A t y p i c a l  f e a t u r e  o f  t h e  NMR s p e c t r u m  o f  109 ( F i g u r e  9 - 3 )  i s
t h e  p r e s e n c e  o f  H-7 as  a v e ry  n a r ro w  m u l t i p l e t  a t  5 2 . 8 6 .  T h e s e
s m a l l  c o u p l i n g  c o n s t a n t s  (J_y 1 3 3 = 0 7  i 3 b =2 .0  H z) ,  t o g e t h e r  w i t h  t h e
sm a l l  v a l u e  o f  y = 2 . 5 Hz c l e a r l y  i n d i c a t e d  a 1 2 , 6 a - l a c t o n i z e d
17h e l i a n g o l i d e  w i t h  a 4 , 5  c i s - d o u b l e  bond .
Com par i son  o f  t h e  NMR s p e c t r u m  o f  109 w i t h  t h e  ones  o f  
h e l i a n g i n e  (79 )  and l e p t o c a r p i n  ( 1 0 4 )  which  were  p r e v i o u s l y  i s o l a t e d
Figure 9 - 2 . NMR s p e c t r u m  o f  t h e  c r u d e  e x t r a c t  
o f  C. m e g a c e p h a l a .
F i g u r e  9 - 3 .  H NMR s p e c t r u m  o f  D e s a c y l - i s o v a l e r y l -  







Figure 9 - 4 .  13C NMR spectrum o f  D e s a c y l - i s o v a l e r y l -







f rom  C. b e r t e r i a n a  and C. d i v a r i c a t a ,  r e s p e c t i v e l y ,  showed 
s i g n i f i c a n t  d i f f e r e n c e s  on ly  i n  t h e  s i g n a l s  o f  t h e  s i d e  c h a i n s .  T h i s  
v e r y  c l o s e  s i m i l a r i t y  i n  t h e  c he m ic a l  s h i f t s  and c o u p l i n g  c o n s t a n t s  
o f  t h e  s k e l e t a l  s i g n a l s ,  s t r o n g l y  s u g g e s t e d  t h a t  a l l  t h e  t h r e e  
compounds had t h e  same h e l i a n g o l i d e  s k e l e t o n  w i t h  a 1 , 1 0 - e p o x i d e  and 
a 3 0 - h y d r o x y l  g r o u p ,  and t h a t  t h e y  d i f f e r e d  on ly  i n  t h e  n a t u r e  o f  t h e  
s i d e  c h a i n  a t t a c h e d  a t  C - 8 . On t h i s  b a s i s ,  compound 109 was
f o r m u l a t e d  as  shown i n  F i g u r e  9 - 1 .
The 13C NMR s p e c t r a l  d a t a  ( T a b le  9 - 2 )  c o r r o b o r a t e d  t h e  *H NMR 
a s s i g n m e n t s  f o r  compound 109.  The a n a l y s i s  o f  t h e  s p e c t r u m  showed 
f o u r  p r i m a r y ,  f o u r  s e c o n d a r y ,  s e ven  t e r t i a r y  and f i v e  q u a r t e r n a r y  
c a r b o n s ,  a c c o u n t i n g  f o r  20 c a r b o n  atoms in  t h e  m o l e c u l e .  A t r i p l e t
a t  6 4 3 . 3  ( C - 2 1) ,  a d o u b l e t  a t  6 2 5 . 4  ( C - 3 ‘ ) ,  and two q u a r t e t s  a t  <5
2 0 . 0  (C- 4 ' )  and 1 9 . 8  ( C - 5 1) ,  d e f i n i t i v e l y  c o n f i r m e d  t h e  i s o v a l e r a t e
1 r>
s i d e  c h a i n  in  109 .  F i g u r e  9 - 4  i l l u s t r a t e s  t h e  C NMR s p e c t r u m  o f  
d e s a c y l - i  s o v a l e r y l h e l i  a n g i  ne ( 1 0 9 ) .
8 0 - m e t h a c r y l o y l o x y - t e r n i f o l i n  ( 1 1 0 ) ,  C-^g^gO7 , was a gum showing 
i n  t h e  *H NMR s p e c t r u m  ( F i g u r e  9 - 5 )  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 6  
(H-13a)  and 5 .6 9  ( H - 1 3 b ) ,  and a m u l t i p l e t  a t  6 2 . 6 4  (H-7)  which a r e  
c h a r a c t e r i s t i c  o f  an a - m e t h y l e n e - y - l  a c t o n e  m o i e t y .  An IR band a t  
1760 cm- * f u r t h e r  c o r r o b o r a t e d  a y - l a c t o n e .  O t h e r  IR bands  i n d i c a t e d
t h e  p r e s e n c e  o f  h y d roxy l  g r o u p ( s )  (3600 and 3470 cm- * ) ,  an
1 -1 u n s a t u r a t e d  e s t e r  (1720 c m ) ,  a k e t o n i c  group (1710 cm-  ) ,  and a
d o u b l e  bond (1630 cm- * ) .  A p a i r  o f  o n e - p r o t o n  b r o a d e n e d  v i n y l i c
s i g n a l s  a t  6 6 . 0 2  ( H - 3 a ' )  and 5 .5 6  ( H - 3 b ' )  and a t h r e e - p r o t o n  methy l
s i g n a l  a t  6 1 .8 7  ( H - 4 ‘ ) ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  p e a ks  a t
m /z _ 69 (B*) and 41 ( B ^ ) ,  c l e a r l y  i n d i c a t e d  t h e  p r e s e n c e  o f  a
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m e t h a c r y l a t e  s i d e  c h a i n  i n  compound 110.  D e t a i l e d  s p i n  d e c o u p l i n g
e x p e r i m e n t s  i n  CDC13 and b e n z e n e - d g  a l l o w e d  t h e  a s s i g n m e n t s  o f  t h e  
1
b a s i c  H NMR s i g n a l s  o f  110 ,  as  shown i n  T a b l e  9 - 1 .
Due t o  t h e  s p r e a d i n g  o u t  of  t h e  *H NMR s i g n a l s  i n  b e n z e n e - d g ,  
t h e  d i s c u s s i o n  t h a t  f o l l o w s  i s  b a s e d  on t h e  d a t a  o b t a i n e d  w i t h  t h i s  
s o l v e n t .  I r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  6 2 . 4 8  ( H - 7 ) ,  c hanged  t h e  
t h r e e - f o l d  d o u b l e t  a t  6 5 .5 9  (H-8 ) t o  a d o u b l e t  o f  d o u b l e t s ,  
s i m p l i f i e d  t h e  t h r e e - f o l d  d o u b l e t  a t  6 4 . 6 2  (H-6 ) a l s o  t o  d o u b l e t ,  
and c o l l a p s e d  bo th  o n e - p r o t o n  d o u b l e t s  a t  6 6 . 0 6  (H-13a)  and 5 .0 4  
( H - l 3 b ) t o  s i n g l e t s .  On t h e  b a s i s  o f  c he m ica l  s h i f t s  a r g u m e n t s ,  t h e  
s i g n a l  a t  6 5 . 5 9  was a s s i g n e d  t o  t h e  p r o t o n  on t h e  c a r b o n  c a r r y i n g  
t h e  e s t e r  s i d e  c h a i n ,  w h e r e a s  t h e  s i g n a l  a t  6 4 . 6 2  was a s c r i b e d  t o  
t h e  l a c t o n i c  p r o t o n .
S a t u r a t i o n  o f  t h e  t h r e e - f o l d  d o u b l e t  a t  6 5 . 5 9  (H-8 ) ,  b e s i d e s  
c h a n g i n g  t h e  m u l t i p l e t  a t  6 2 . 4 8  ( H - 7 ) ,  c o l l a p s e d  b o t h  d o u b l e t  o f  
d o u b l e t s  a t  6 2 . 1 9  (H-9a)  and 1 .6 7  (H-9b)  t o  d o u b l e t s  ( J g a % =^ . 5  
H z) .  In r e t u r n ,  i r r a d i a t i o n  o f  t h e  H-9 d o u b l e t  o f  d o u b l e t s  c o l l a p s e d  
t h e  o t h e r  t o  a d o u b l e t  and s i m p l i f i e d  t h e  H- 8  m u l t i p l e t  a t  6 5 . 5 9 .
Double i r r a d i a t i o n  a t  6 4 . 6 2  (H-6 ) c hanged  t h e  H-7 m u l t i p l e t  a t  
6 2 . 4 8  and s i m p l i f i e d  b o t h ,  t h e  r e g i o n  S 1 . 9 0 - 2 . 0 5  (H -5a)  and t h e  
r e g i o n  6 0 . 9 5 - 1 . 2 0  ( H - 5 b ) .  I r r a d i a t i o n  a t  t h e  c e n t e r  o f  any o f  t h e  
H-5 r e g i o n s ,  s i m p l i f i e d  b o th  t h e  m u l t i p l e t  a t  6 4 .6 2  (H-6 ) and t h e  
o t h e r  H-5 r e g i o n ,  and a l s o  s i m p l i f i e d  t h e  m u l t i p l e t  c e n t e r e d  a t  6
1 . 7 3  ( H - 4 ) .  In r e t u r n ,  s p i n  d e c o u p l i n g  a t  6 1 . 7 3  ( H - 4 ) ,  n o t  on ly  
a f f e c t e d  b o th  H-5 s i g n a l s ,  b u t  a l s o  c o l l a p s e d  t h e  t h r e e - p r o t o n  
d o u b l e t  a t  6 0 . 7 6  (H-15)  t o  a s i n g l e t  and t h e  t h r e e - f o l d  d o u b l e t  a t  6 
3 .8 0  (H-3)  t o  a d o u b l e t  o f  d o u b l e t s .  F i n a l l y ,  d o u b l e  i r r a d i a t i o n  o f
Table 9 - 1 .  NMR s p ec tra l  data* o f  compounds 109 and 110.
109 110
benzene-dg CDCI3
H- 1 2.81 dd ( 1 0 . 5 ; 4 .5 ) - -
H- 2a 2.46 dt ( 1 5 .0 ; 4 .5 ) 2.40 dd (18 .0 ;1 1 .0 ) 3.10 dd
H- 2b 1.74 ddd (1 5 .0 ; 1 0 .5 ;2 .8 ) 2.02 dd (1 8 .0 ;6 .5 ) 2.83 dd
H- 3 4.49 dd ( 4 .5 ; 2 .5 ) 3.80 ddd ( 1 1 .0 ; 6 .5 ; 2 .0 ) 4.28 ddd
-2 . 00ffH- 4 — 1.73 nr
' 1/
1.85-
H- 5a 1.90-■2.05 2.15--2.30 nf
5.29 dq (1 1 .0 ;1 .5 )
1 1/H- 5b 0.95--1.20 #
H- 6 6.62 dd (1 1 .0 ; 2 .5 ) 4.62 ddd (1 0 .0 ; 5 . 0 :3 .0 ) 4.95 m
H- 7 2.86 m 2.48 m 2.64 m
H- 8 5.19 m 5.59 ddd ( 1 1 .0 ; 4 .5 ; 2 .5 ) 5.47 m „ 
-2.45H- 9a 2.71 dd ( 1 5 .5 ; 4 .5 ) 2.19 dd ( 1 5 . 0 ;4 .5) 2.35-
H- 9b 1.31 dd ( 1 5 .5 ; 3 .5 ) 1.67 dd (15 .0 ;11 .0 ) #
H-13a 6.36 d (2 . 0 ) 6.06 d (2 . 0 ) 6.26 d
H-13b 5.77 d ( 2 . 0 ) 5.04 d (2 . 0 ) 5.69 d
H-14 1.49 s 0.80 s 1.36 s
H-15 1.81 d (1 .5 ) 0.76 d (6 . 8 ) 1.11 d
OR 2.18 d (7 .0) 6 .20 d (2 . 0 ) 6 .02 br
2.09 m 5.25 dq (2 .0 ) 5.56 br
0.90 d (7 .0 ) 1.83 br 1.87 br
^Spectra were run at 200 MHz a t  ambient temperature and TM$ was used as internal standard.  
Figures in parentheses are coupling constants  (J) or l i n e  separations in hertz .
^Obscured by other s ig n a l s .
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t h e  H-3 s i g n a l  (6  3 . 8 0 ) ,  s i m p l i f i e d  t h e  m u l t i p l e t  c e n t e r e d  a t  6 1 . 7 3  
( H - 4 ) ,  and c o l l a p s e d  b o th  d o u b l e t  o f  d o u b l e t s  a t  <S 2 . 4 0  (H-2a)  and
2 . 0 2  (H-2b)  t o  an AB p a t t e r n  ( J ^ g 2b=1 8 .0  Hz) .
The c h e m ica l  s h i f t s  o f  H-3 ( 6  4 . 2 8 )  and H-14 ( 6  1 . 3 6 )  i n  CDC1 3 
c l e a r l y  s u g g e s t e d  t h a t  t h e s e  p r o t o n s  were a t t a c h e d  t o  c a r b o n s  b e a r i n g  
an OH g r o u p .  S i m i l a r l y ,  t h e  c he m ica l  s h i f t s  o f  t h e  H - 2 ' s  ( 6  3 .1 0  and 
2 . 8 3 )  were  i n  a g re e m e n t  w i t h  t h e  c hem ica l  s h i f t s  o f  p r o t o n s  on a 
c a rb o n  n e x t  t o  a c a r b o n y l  f u n c t i o n .
Based on t h e  above c o n s i d e r a t i o n s  and on t h e  f a c t  t h a t  many 
C a l e a - d e r i v e d  s e s q u i t e r p e n e  l a c t o n e s  have a C - l  c a r b o n y l  and a 
h y d r o x y l  g roup  a t  C-10 ( F i g u r e  1 - 3 ) ,  we f o r m u l a t e d  compound 110 a s  a 
1 2 , 6 a - l a c t o n i z e d  g e r m a c r o l i d e ,  w i t h  a c a r b o n y l  a t  C - l ,  h y d roxy l  
g ro u p s  a t  C-3 and C -1 0 ,  and  a m e t h a c r y l a t e  s i d e  c h a i n  a t  C - 8 . The 
s m a l l  c o u p l i n g  c o n s t a n t  ^ 7 ,  g = 2 .5  Hz s u g g e s t e d  an a - o r i e n t a t i o n  f o r  
H -8 , and t h e r e f o r e  a 3 - o r i e n t a t i o n  f o r  t h e  s i d e  c h a i n  a t  C - 8 .
C om par i son  o f  t h e  ^H NMR s p e c t r u m  o f  compound 110 w i t h  t h e  ones  
o f  t h e  t e r n i f o l i n s ,  which  were i s o l a t e d  from C. t e r n i f o l i a  v a r .
O f ]  O Q
c a l y c u l a t a  5 , showed d i f f e r e n c e s  o n ly  i n  t h e  s i g n a l s  a r i s i n g  from
a d i f f e r e n t  s i d e  c h a i n  and from t h e  p r e s e n c e  i n  t h e  t e r n i f o l i n s  o f  a 
s e c o n d  s i d e  c h a i n  a t  C - 9 .  The c l o s e  s i m i l a r i t y  o f  t h e  c h e m ica l  
s h i f t s  and c o u p l i n g  c o n s t a n t s  o f  t h e  H- l  t h r o u g h  H- 8  s i g n a l s  
i n  110 and  t h e  t e r n i f o l i n s  was a s t r o n g  i n d i c a t i o n  t h a t  t h e  OH group  
a t  C-3 i n  110 s h o u l d  be a - o r i e n t e d  l i k e  t h e  one in  t h e
o n
t e r n i f o l i n s .  However ,  t h e  sm a l l  c o u p l i n g  c o n s t a n t  J3  4 =2 . 0  Hz was 
n o t  i n  a g r e e m e n t  w i t h  an a n t i p e r i p l a n a r  a r r a n g e m e n t  o f  t h e  OH group  
a t  C-3 and t h e  methy l  group a t  C -4 ,  s i n c e  t h e  sm a l l  v a l u e  ( ^ ^ 4 =2 . 0  
Hz) s u g g e s t e d  r a t h e r  a r e l a t i v e  c i s - d i s p o s i t i o n  o f  t h e  g ro u p s
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a t t a c h e d  t o  C-3 and C -4 .  B e cause  o f  t h i s  a m b i g u i t y  and due t o  t h e  
l a c k  o f  f u r t h e r  e v i d e n c e ,  we p r o p o s e  f o r  compound 1 1 0  t h e  s t r u c t u r e  
shown in  F i g u r e  9-1  i n  which t h e  OH group a t  C-3 c o u l d  be e i t h e r  
a  o r  3 .
9 . 3  E x p e r i m e n t a l
9 . 3 . 1  I n s t r u m e n t a t i o n
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were d e s c r i b e d  in  
2 . 3 . 1 ,  were  u s e d  t h r o u g h o u t  t h i s  c h a p t e r .
9 . 3 . 2  The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  new compounds from 
C a l e a  m e g a c e p h a l a .
C a l e a  m e g a c e p h a l a  R ob inson  and Greenman was c o l l e c t e d  on J u l y  
1978,  i n  C h i a p a s ,  M ex ico ,  1 8 .2  m i l e s  s o u t h  o f  t h e  j u n c t i o n  o f  highway 
190 and  road  La A r r i a g a  (L.  U r b a t s c h ,  J .  P r u s k i  and N. F i s c h e r ,  No.
3338,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The a i r  d r i e d  l e a v e s  and 
s t e m s  (350 g)  were  e x t r a c t e d  and worked up by t h e  p r o c e d u r e  d e s c r i b e d  
e a r l i e r  (Scheme 2 - 1 ) ,  and p r o v i d e d  1 .0  g o f  t h e  c r u d e  t e r p e n o i d  
e x t r a c t .  The c r u d e  e x t r a c t  ( 0 . 7  g) was f r a c t i o n a t e d  by column 
c h r o m a to g r a p h y  on s i l i c a  ge l  w i t h  c h l o r o f o r m - a c e t o n e  m i x t u r e s  o f  
i n c r e a s i n g  p o l a r i t y  and 30 f r a c t i o n s  o f  100 ml each  were c o l l e c t e d .
P r e p a r a t i v e  TLC o f  f r a c t i o n s  6 - 8  (78 mg) w i t h  c h l o r o f o r m - a c e t o n e  
( 9 : 1 )  y i e l d e d  42 mg o f  d e s a c y l - i s o v a l e r y l h e l i a n g i n e  ( 1 0 9 ) .  F r a c t i o n  
13 a f f o r d e d  10 mg o f  8 3 - m e t h a c r y l o x y l o x y - t e r n i f o l i n  (110)  a f t e r  
r e p e t i t i v e  TLC on s i l i c a  gel  w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 ) .
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Desacy l  - i s o v a l e r y l  h e l i a n g i n e  ( 1 0 9 ) .  C2QH2g0g ,  9um» * ^ ax^  
nm: s t r o n g  end a b s o r p t i o n ;  IR v ^ ^ 3  cm” *: 3580 (OH), 3440 (OH),
1750 ( y - l a c t o n e ) ,  1730 ( s a t u r a t e d  e s t e r ) ,  1655 ( d o u b l e  b o n d ) ;  EIMS 
( p r o b e )  m / z _ ( r e l .  i n t . ) :  262 [M-A]+ ( 2 . 0 ) ,  247 [M-A-Me]+ ( 1 . 1 ) ,  245 
[M-A-0H]+ ( 1 . 4 ) ,  244 [M-A-H20 ] + ( 4 . 2 ) ,  219 [M-A-Me-C0]+ ( 1 1 . 4 ) ,  216 
[M-A-H20 - C 0 ] + ( 3 . 0 ) ,  201 [M-A-H20-M e-C0]+ ( 8 . 6 ) ,  85 [A1 ] + ( 1 0 0 . 0 ) ,  57 
[A2 ] + ( 8 4 . 5 ) ,  43 [A3 ] + ( 3 2 . 9 ) .
8 g - m e t h a c r y l o x y - t e r n i f o l i  n ( 1 1 0 ) .  C j g H ^ O y ,  gum; UV y 
n m : s t r o n g  end a b s o r p t i o n ;  IR v 3 cm” *: 3600 (OH), 3470 (OH), 1760 
( y - l a c t o n e ) ,  1720 ( a , 3 - u n s a t u r a t e d  e s t e r ) ,  1710 ( k e t o n e ) ,  1630 
( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  280 [M-B]+ ( 0 . 7 ) ,  263 
[M-B-0H]+ ( 1 . 1 ) ,  262 [M-B-H20 ] + ( 1 . 7 ) ,  247 [M-B-H20-Me]+ ( 0 . 8 ) ,  245 
[M-B-H20 - 0 H ] + ( 0 . 8 ) ,  244 [M-B-2H20 ] + ( 1 . 1 ) ,  234 [M-B-H20 - C 0 ] + ( 5 . 1 ) ,
201 [M-B-2H20-M e -C 0]+ ( 2 . 6 ) ,  69 [ B * ] + ( 1 0 0 . 0 ) ,  41 [B2 ] + ( 1 9 . 1 ) .
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Table 9 -2 .  13C NMR spectral data* of  d e s a c y l - i so v a le r y lh e l ia n g in e
(109) and 8 e -a n g e lo y lo x y -9 a -a ce ty lo x y ca ly cu la to l id e
(IK).
109 114
C- 1 2 0 1 . 9 s 6 0 . 7 d
C- 2 1 0 3 .8 d 3 2 .5 t
C- 3 1 9 2 .5 s 7 4 . 1 d
C- 4 3 1 .2 d 13 7 .3 s
C- 5 4 0 . 8 t 1 2 6 .2 d
C- 6 7 4 .7 da 7 5 . 5 d
0 1 4 7 . 0 d 4 8 . 2 d
C- 8 7 4 .1 da 7 2 . 0 d
C- 9 7 3 . 7 da 4 3 . 8 t d
C-10 8 9 . 4 s 5 8 .6 s
C - l l 1 3 9 .7 s 1 4 1 .7 s
C—12 1 6 4 .8 s 169 .5 s
C-13 1 2 2 .9 t 1 2 4 .7 t
C-14 2 0 . 5 qb 2 2 . 9 qe
C-15 1 9 .9 qb 2 2 . 2 qe
C- 1' 1 6 8 . 4 s 17 2 .0 s
C- 2' 1 2 5 .6 s 4 3 . 3 t d
C- 3' 1 4 6 .6 d 2 5 .4 d
C- 4' 1 6 . 3 qc 2 0 . 0 qf
C- 5' 1 5 .8 qC 1 9 .8 qf
C- 1' ' 1 6 8 .6 s
C- 2 " 1 8 .8 q
*Peak m u l t i p l i c i t y  was determined by heteronuclear  
multi pulse  programs (DEPT). 
a - t Assignments in terchangeab les .
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1 0 .1  I n t r o d u c t i  on
Chemica l  a n a l y s i s  o f  C a le a  l e p t o c e p h a l a  B lake  from M ic hoa c an ,
Mexico ,  y i e l d e d  se v en  s e s q u i t e r p e n e  l a c t o n e s  from which t h r e e  had n o t
been p r e v i o u s l y  found  as  n a t u r a l  p r o d u c t s .  The s t r u c t u r e s  o f  t h e  s e v en
l a c t o n e s  i s o l a t e d  from C. l e p t o c e p h a l a  a r e  shown in  F i g u r e  1 0 - 1 .
Compound 65 was i d e n t i f i e d  a s  c a l e i n  A by c o m p a r i s o n  o f  i t s
NMR and MS s p e c t r a  w i th  t h e  ones  o f  an a u t h e n t i c  s a m p l e .  S p e c t r a l
d a t a  o f  t h e  l a c t o n e  111 showed i t s  i d e n t i t y  w i t h  2 , 3 - e p o x y c a l e i n  A,
?0f i r s t  i s o l a t e d  from C. t e r n i f o l i a  v a r .  t e r n i f o l i a  . Chemical  and
p h y s i c a l  d a t a  o f  compound 112 c l e a r l y  d e m o n s t r a t e d  i t s  i d e n t i t y  w i t h
8 g - a n g e l o y l o x y - 9 a - h y d r o x y c a l i c u l a t o l i d e  p r e v i o u s l y  r e p o r t e d  from
o n  1
t e r n i f o l i a  v a r .  c a l y c u l a t a  . The H NMR and o t h e r  s p e c t r a l  d a t a  o f  
compound 113 were i d e n t i c a l  w i t h  e r i o f l o r i n ,  a c o n s t i t u e n t  of  
E r i o p h y l l u m  c o n f e r t i f l o r u m ^  and E. l a n a t u m . ^
The s t r u c t u r e s  o f  t h e  new compounds were e s t a b l i s h e d  by 
s p e c t r o s c o p i c  m e t h o d s .  T h e i r  s t r u c t u r e  d e t e r m i n a t i o n  c o n s t i t u t e s  t h e  
main body o f  t h e  f o l l o w i n g  s e c t i o n .
1 0 . 2  The S t r u c t u r e  E l u c i d a t i o n  o f  t h e  Compounds I s o l a t e d  from 
C a l e a  L e p t o c e p h a l a .
E x t r a c t i o n  and w o r k i n g  up o f  t h e  d r i e d  and g round p l a n t  m a t e r i a l  
o f  C a l e a  l e p t o c e p h a l a  as  d e s c r i b e d  e a r l i e r  (Scheme 2 - 1 ) ,  p r o v i d e d  t h e  
c r u d e  t e r p e n o i d  e x t r a c t  f rom which t h e  new compounds were  i s o l a t e d .
The NMR s p e c t r u m  o f  t h e  c r u d e  e x t r a c t  i s  shown i n  F i g u r e  1 0 - 2 .
Column c h r o m a to g r a p h y  o f  t h e  c r u d e  e x t r a c t  on s i l i c a  gel 
f o l l o w e d  by TLC p u r i f i c a t i o n  p r o c e s s e s ,  as  d e s c r i b e d  i n  t h e  
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Figure 10-1.  Compounds i s o l a t e d  from C. l ep tocep h a la .
Figure 10 .2 .  H NMR spectrum of  the crude e x trac t  of  
C. leptocephala .
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o f  which  i s  d i s c u s s e d  be low .
8 g - A n g e l o y l o x y - 9 c t - a c e t y l o x y c a l y c u l a t o l i d e  ( 1 1 4 ) ,  ^ p ^ g O g ,  a 
c r y s t a l l i n e  m a t e r i a l  (mp 181-182°C)  w i t h  an IR s p e c t r u m  t h a t
i n d i c a t e d  t h e  p r e s e n c e  o f  a y - l a c t o n e  (1755 cm- '*'), a s a t u r a t e d  e s t e r
1 1 (1740  cm ) ,  an a , g - u n s a t u r a t e d  e s t e r  (1715 cm ) ,  d o u b l e  bonds (1645
1 1 cm-  ) ,  and an e n o l i c  d o u b l e  bond (1595 cm ) .  The p r e s e n c e  o f  an a-
m e t h y l e n e - y - l a c t o n e  was f u r t h e r  c o r r o b o r a t e d  by t h e  NMR s p e c t r u m
of  114 ( F i g u r e  1 0 - 3 )  which e x h i b i t e d  two d o u b l e t s  a t  6 6 .3 3  (H-13a)
and 5 . 4 4  (H - 1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  5 3 . 6 0  (H - 7 ) .
D i a g n o s t i c  NMR s i g n a l s  a l l o w e d  t h e  i d e n t i f i c a t i o n  o f  one of  t h e
e s t e r  s i d e  c h a i n s  as  an a n g e l a t e  g roup  (a o n e - p r o t o n  q u a r t e t  o f
q u a r t e t s  a t  6 6 . 1 6 ,  a t h r e e - p r o t o n  d o u b l e t  o f  q u a r t e t s  a t  6 1 . 9 5 ,  and
a t h r e e - p r o t o n  q u a r t e t  a t  6 1 . 8 2 ) ,  w h i l e  a t h r e e - p r o t o n  s i n g l e t  a t  6
2 .2 6  i n d i c a t e d  t h a t  t h e  s e c o n d  s i d e  c h a i n  was an a c e t a t e  g r o u p .
F u r t h e r  c o n f i r m a t i o n  o f  t h e s e  a s s i g n m e n t s  were  o b t a i n e d  from t h e
s t r o n g  mass s p e c t r a l  p e a k s  a t  m/z_ 83 (A ) and 5 5 ( A ) ,  and m /z_43
(A c ) ,  which a r e  t y p i c a l  o f  an a n g e l a t e  and an a c e t a t e  g r o u p ,
r e s p e c t i v e l y .  The a s s i g n m e n t  of  t h e  NMR s i g n a l s  was deduced  from
d e t a i l e d  d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s ,  and a r e  shown i n  T a b le  1 0 - 1 .
1
Compari son  o f  t h e  H NMR s p e c t r u m  o f  compound 114 w i th  t h e  one 
o f  t h e  c h ro m a te  o x i d a t i o n  p r o d u c t  o f  8 g - a n g e l o y l o x y - 9 a - a c e t o x y -
O f )
t e r n i f o l i n  , which was p r e p a r e d  in  o r d e r  t o  p r o v e  t h e  s t r u c t u r e  o f  
t h e  t e r n i f o l i n s ^ ,  showed t h a t  bo th  compounds were p r o b a b l y  t h e  same 
in  s p i t e  o f  t h e  d i f f e r e n c e s  be tw een  t h e  s p e c t r a l  d a t a  r e p o r t e d  f o r  
t h e  s y n t h e t i c  gum and t h e  ones  o f  t h e  n a t u r a l  p r o d u c t  114. S i n c e  t h e  
s y n t h e t i c  m a t e r i a l  was a gum o b t a i n e d  i n  low y i e l d  and i t s  s t r u c t u r e  
was o n l y  t e n t a t i v e l y  a s s i g n e d ,  and b e c a u s e  o f  t h e  d i f f e r e n c e s  i n  i t s
O A c
Figure 10-3. *H NMR spectrum of 8B-Ange)oyloxy-9o- 
ace ty lo x y caly cu la to ) 1de (114).
O A c







3T Z T o'2
Figure 10-4. NMR spectrum of 8 s-an g e lo y lo x y -9 a-ace ty )o x y ca ly cu )a to lid e  (114).
O A c
O A n g
100200
s p e c t r a l  d a t a  a s  com pared  t o  t h e  o n e s  o f  114 ,  we r e p o r t  h e r e  t h e  d a t a  
f o r  t h e  n a t u r a l  p r o d u c t  114.
The 13C NMR s p e c t r a l  d a t a  o f  compound 114 ( T a b l e  9 - 2 )  were  i n  
c o m p l e t e  a g r e e m e n t  w i t h  t h e  s t r u c t u r e  shown i n  F i g u r e  1 0 - 1 .  The *3C 
NMR s p e c t r u m  o f  114 i s  shown i n  F i g u r e  1 0 - 4 .
The X - ra y  s t r u c t u r e  o f  114 ,  o b t a i n e d  by s i n g l e  c r y s t a l  X - ray  
c r y s t a l l o g r a p h y  and shown i n  F i g u r e  1 0 - 5 ,  e s t a b l i s h e d  u n a m b ig u o u s ly  
t h e  s t r u c t u r e  a s  d e p i c t e d  i n  114 ,  and c o n f i r m e d  t h e  a t t a c h m e n t  o f  t h e  
a n g e l a t e  and  a c e t a t e  s i d e  c h a i n s  a t  C-8 and C -9 ,  r e s p e c t i v e l y .
F i g u r e  1 0 - 5 .  The P - f a c e  o f  8 - p - A n g e l o y l o x y - 9 a -  
a c e t y l o x y c a l y c u l a t o l i d e  ( 1 1 4 ) .
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D e s a c e t y l c a l e i n  A ( 1 1 5 ) ,  ^ 2 0 ^ 2 6 ^ 7 ’ a c r y s t a l l i n e  compound (mp 
1 9 8 . 5°C) which e x h i b i t e d  i n  t h e  *H NMR s p e c t r u m  ( F i g u r e  1 0 - 6 ) ,  two 
b r o a d e n e d  o n e - p r o t o n  s i g n a l s  a t  5 6 . 2 8  (H-13a)  and 5 .7 9  (H-13b)  
c o u p l e d  w i t h  a o n e - p r o t o n  na r row  m u l t i p l e t  a t  6 2 . 6 7  ( H - 7 ) .  The y-  
l a c t o n e  m o ie ty  was f u r t h e r  c o r r o b o r a t e d  by a s t r o n g  IR a b s o r p t i o n
band a t  1760 cm"*.  O t h e r  IR bands i n d i c a t e d  t h e  p r e s e n c e  o f  hy d ro x y l
-1  1 g ro u p s  (3530 and 3440 cm ) ,  an a ,  p - u n s a t u r a t e d  e s t e r  (1710 cm” ) ,  a
k e t o n e  g roup  (1690 c m " * ) ,  and a d o u b l e  b o n d ( s )  (1630 cm "*) .  The
u n s a t u r a t e d  e s t e r  s i d e  c h a i n  was a s s i g n e d  t o  an a n g e l a t e  group  on t h e
b a s i s  o f  t h e  t y p i c a l  *H NMR s i g n a l s ,  a o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s
a t  5 6 . 0 8  ( H - 3 ' ) ,  a t h r e e - p r o t o n  d o u b l e t  o f  q u a r t e t s  a t  6 1 . 9 5 ,  and a
t h r e e - p r o t o n  b r o a d e n e d  s i n g l e t  a t  6 1 . 8 3 ,  t o g e t h e r  w i t h  s t r o n g  mass
? O
s p e c t r a l  p e a k s  a t  m/z_ 83 (A ) and 55 (A ) .  D e t a i l e d  s p i n  d e c o u p l i n g  
e x p e r i m e n t s  a l l o w e d  t h e  a s s i g n m e n t s  o f  t h e  b a s i c  s k e l e t a l  *H NMR
s i g n a l s  o f  115 ;  t h e  r e s u l t s  a r e  summarized  in  T a b l e  1 0 - 1 .
i
Com par i son  o f  t h e  H NMR s p e c t r u m  o f  115 w i t h  t h e  one o f  c a l e i n  
A (65 )  which  was a l s o  found  in  t h e  same p l a n t ,  showed a g r e a t  
s i m i l a r i t y  i n  most  o f  t h e  s i g n a l s ,  c l e a r l y  i n d i c a t i n g  t h a t  both 
compounds had t h e  same g e r m a c r a n o l i d e  s k e l e t o n .  However ,  t h e  t h r e e -  
p r o t o n  a c e t a t e  s i n g l e t  a t  6 2 . 0 2  p r e s e n t  i n  t h e  *H NMR s p e c t r u m  of  
c a l e i n  A i s  m i s s i n g  i n  t h e  s p e c t r u m  o f  115.  The H-9 s i g n a l ,  which  
a p p e a r s  as  a d o u b l e t  a t  6 5 . 5 9  in  c a l e i n  A, r e p r e s e n t s  a t r i p l e t  a t  6 
3 . 9 3  i n  compound 115.  These  d i f f e r e n c e s  c l e a r l y  i n d i c a t e d  t h a t  t h e  
l a c t o n e  115 has  an h y d r o x y l  group a t  C -9 ,  i n s t e a d  o f  t h e  a c e t o x y  
g roup  p r e s e n t  i n  c a l e i n  A ( 6 5 ) .  A d d i t i o n  o f  D2O t o  115,  s i m p l i f i e d  
t h e  H-9 t r i p l e t  a t  6 3 . 9 3  t o  a d o u b l e t ,  f u r t h e r  c o r r o b o r a t i n g  t h e  
p r e s e n c e  o f  an OH s u b s t i t u e n t  a t  C -9 .
F i g u r e  1 0 - 6 .  NMR s p e c t r u m  o f  d e s a c e t y l c a l e i n  A (115 )
rv rv r* .
0  OH
















The c o n f i g u r a t i o n s  a t  C-6, C-7, C-8 and C-9 were e v i d e n t  f rom 
t h e  *H NMR c o u p l i n g  c o n s t a n t s  which  were  c o r r e l a t e d  w i t h  d i h e d r a l  
a n g l e s  o b t a i n e d  from s t e r e o m o d e l s ,  and i n  c o m p l e t e  a g re e m e n t  w i t h  t h e  
ones  o f  c a l e i n  A (65). The c o u p l i n g  c o n s t a n t  i8,9-9*5 Hz c l e a r l y  
i n d i c a t e d  an a - o r i e n t a t i o n  f o r  t h e  OH group a t t a c h e d  t o  C-9, and 
t h e r e f o r e  115 r e p r e s e n t s  d e s a c e t y l c a l e i n  A.
8 g - A n g e l o y 1 o x y - l e p t o c e p h o 1 i d e  ( 1 1 6 ) ,  8 2 0 ^ 2 6 ^ 6 ’ a c ° l ° r ^e s s  
c r y s t a l l i n e  compound (mp 1 7 2 - 1 7 2 . 5°C) w i t h  an IR s p e c t r u m  t h a t  
i n d i c a t e s  t h e  p r e s e n c e  o f  a hy d ro x y l  group (3600 and 3465 cm "*) ,  a
y - l a c t o n e  (1770 cm "*) ,  an u n s a t u r a t e d  e s t e r  (1715 cm"*) ,  a d o u b l e
1 1 bond (1650 cm” ) ,  and an e p o x i d e  r i n g  (1245 and 870 c m ) .  Two o n e -
p r o t o n  d o u b l e t s  a t  6 6 . 2 1  (H-13a)  and 5 .51  (H-13b)  and a o n e - p r o t o n
m u l t i p l e t  a t  6 2 . 8 5  (H-7)  i n  t h e  *H NMR s p e c t r u m  o f  116 ( F i g u r e
1 0 - 7 )  f u r t h e r  c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a a - m e t h y l e n e - y - l a c t o n e
i n  116 .  A o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 6 . 1 4 ,  a t h r e e - p r o t o n
d o u b l e t  o f  q u a r t e t s  a t  6 1 . 9 9 ,  and a t h r e e - p r o t o n  q u a r t e t  a t  6 1 . 8 7 ,
p O
t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  p e a k s  a t  m/z_ 83 (A ) and 55 (A ) ,  
c l e a r l y  i n d i c a t e d  t h e  p r e s e n c e  o f  an a n g e l a t e  e s t e r  s i d e  c h a i n  
i n  116 .  The a s s i g n m e n t  o f  t h e  *H NMR s i g n a l s  w ere  d e d u c ed  from 
d e t a i l e d  d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s  i n  CDCI3 and b e n z e n e - d g ,  as 
shown in  T a b l e  1 0 - 1 .
Sp in  d e c o u p l i n g  o f  t h e  f o u r - f o l d  d o u b l e t  a t  6 2 . 8 5  ( H - 7 ) ,  
c o l l a p s e d  t h e  d o u b l e t s  a t  6 6 .21  (H-13a)  and 5 .51  (H-13b)  t o  
s i n g l e t s ,  s i m p l i f i e d  t h e  m u l t i p l e t  a t  6 5 . 8 3 ,  and r e d u c e d  t h e  t r i p l e t  
a t  6 4 . 4 8  t o  a d o u b l e t .  On t h e  b a s i s  o f  c h e m i c a l  s h i f t s  a rg u m e n t s  
t h e  m u l t i p l e t  a t  6 5 . 8 3  was a s c r i b e d  t o  a p r o t o n  on t h e  c a rb o n  
b e a r i n g  t h e  e s t e r  s i d e  c h a i n  (H-8 ) ,  w h i l e  t h e  t r i p l e t  a t  6 4 . 6 8  was
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a s s i g n e d  t o  t h e  l a c t o n i c .  p r o t o n  ( H - 6 ) .
I r r a d i a t i o n  o f  t h e  l a c t o n i c  p r o t o n  a t  6 4 . 4 8  (H-6)  s i m p l i f i e d  
t h e  m u l t i p l e t  a t  6 2 .8 5  (H-7)  and c o l l a p s e d  t h e  d o u b l e t  o f  d o u b l e t s  
a t  6 1 .6 3  (H-5)  t o  a na r row  d o u b l e t .  Double  i r r a d i a t i o n  a t  6 1 .6 3  
( H - 5 ) ,  c o l l a p s e d  t h e  l a c t o n i c  t r i p l e t  a t  6 4 . 4 8  t o  a d o u b l e t ,  and 
s i m p l i f i e d  t h e  m u l t i p l e t  c e n t e r e d  a t  6 2 . 6 0  ( H - 4 ) .  In r e t u r n ,
i r r a d i a t i o n  a t  6 2 . 6 0  (H-4)  s i m p l i f i e d  t h e  H-5 d o u b l e t  o f  d o u b l e t s  a t
6 1 .6 3  t o  a d o u b l e t ,  c hanged  t h e  d o u b l e t  o f  d o u b l e t s  a t  <S 2 .7 6
( H - 3 a ) ,  and c o l l a p s e d  t h e  t h r e e - p r o t o n  d o u b l e t  a t  6 1 . 3 2  (H-15)  t o  a
s i n g l e t .  On t h e  o t h e r  h a n d ,  s p i n  d e c o u p l i n g  of  t h e  d o u b l e t  a t  6 1 .3 2  
(H-15)  changed  t h e  m u l t i p l e t  c e n t e r e d  a t  6 2 . 6 0 .
Double  i r r a d i a t i o n  o f  t h e  H-8 m u l t i p l e t  a t  6 5 . 8 3 ,  s i m p l i f i e d  
t h e  f o u r - f o l d  d o u b l e t  a t  5 2 . 8 5  (H-7)  t o  a d o u b l e t  o f  t r i p l e t s ,
c o l l a p s e d  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 2 .4 9  (H-9a)  t o  a d o u b l e t ,  and
a f f e c t e d  t h e  r e g i o n  6 1 . 5 5 - 1 . 7 5  ( H - 9 b ) .  In r e t u r n ,  s p i n  d e c o u p l i n g  
o f  H-9a (6 2 . 4 9 ) ,  cha nged  t h e  m u l t i p l e t  a t  6 5 .8 3  (H-8)  and 
s i m p l i f i e d  t h e  r e g i o n  6 1 . 5 5 - 1 . 7 5  ( H - 9 b ) .
I r r a d i a t i o n  o f  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 2 .7 6  ( H - 3 a ) ,
s i m p l i f i e d  t h e  r e g i o n  6 2 . 4 8 - 2 . 6 8  (H-3b and H - 4 ) ,  and c o l l a p s e d  t h e
d o u b l e t  o f  d o u b l e t s  a t  6 3 .71  (H-2)  t o  a d o u b l e t .  Sp in  d e c o u p l i n g  o f  
t h e  H-2 s i g n a l  (6 3 . 7 1 ) ,  c o l l a p s e d  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 2 . 7 6  
(H-3a)  t o  a d o u b l e t  and c hanged  t h e  r e g i o n  <5 2 . 4 8 - 2 . 6 8  ( H - 3 b ) .
The c he m ica l  s h i f t  o f  H-2 (6 3 . 7 1 )  s u g g e s t e d  a p r o t o n  on a
c a rb o n  b e a r i n g  an OH g r o u p .  F u r t h e r  e v i d e n c e  was o b t a i n e d  by in  s i t u
5 ? 1a c y l a t i o n  o f  compound 116 w i t h  t r i c h l o r o a c e t y l  i s o c y a n a t e  . The H 
NMR s p e c t r u m  o f  t h e  t r i c h l o r o a c e t y l  c a r b a m a t e  d e r i v a t i v e  o f  1^6,  
showed one b r o a d e n e d  NH s i n g l e t  a t  6 8 . 3 7  c l e a r l y  d e m o n s t r a t i n g  t h e
Figure 1 0 -7 .  NMR spectrum o f  80-A nge loy loxy-
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p r e s e n c e  o f  a OH group  i n  116.  F u r t h e r m o r e ,  t h e  p a r a m a g n e t i c
a c y l a t i o n  s h i f t  o f  H-2 f rom 6 3 .7 1  in  compound 116 t o  6 5 .0 1  in  t h e
carbamate d e r i v a t i v e  ( a S=1 . 3 0 )  was in  com ple te  agreement w i th  a
52s e c o n d a r y  hy d ro x y l  group  on C -2 .
The a b s e n c e  o f  s i g n a l s  f o r  p r o t o n s  on c a r b o n s  b e a r i n g  an e p o x i d e  
group  s u g g e s t e d  t h a t  t h e  e p o x i d e  r i n g  was c o n n e c t e d  t o  two t e r t i a r y  
c a r b o n s ,  t h u s  i n d i c a t i n g  a C - l  and C-10 e p o x i d e .  T h i s  i s  a l s o  in  
a g re e m e n t  w i t h  t h e  t h r e e - p r o t o n  methyl  s i n g l e t  a t  6 1 . 2 8  which
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c o r r e s p o n d  t o  t h e  methyl  g roup  on C-10 .
The r e m a i n i n g  s i g n a l  t o  be a s s i g n e d  was a t h r e e - p r o t o n  d o u b l e t  
a t  6 1 . 3 2 ,  which  was c o u p l e d  ( J = 7 . 0  Hz) t o  a o n e - p r o t o n  m u l t i p l e t  a t  
6 2 . 6 0 ,  and w i t h  t h e  H - 3 ' s  and H-5 s i g n a l s .  On t h e s e  b a s i s ,  t h e  
d o u b l e t  a t  6 1 . 3 2  was a s c r i b e d  t o  t h e  methy l  g roup  a t t a c h e d  t o  C-4 
( H - 1 5 ) .
The r e l a t i v e  c o n f i g u r a t i o n s  o f  t h e  a s y m m e n t r i c  c a r b o n s  were
de d u c ed  f rom t h e  *H NMR c o u p l i n g  c o n s t a n t s  which c o r r e l a t e d  w i t h  t h e
d i h e d r a l  a n g l e s  o b t a i n e d  from D r e i d i n g  m o d e l s .  The l a r g e  c o u p l i n g
c o n s t a n t s  ^z anc* -^6 7 =^ * ^  Hz, c l e a r l y  i n d i c a t e d
a n t i  p e r i  p i a n a r  a r r a n g e m e n t s  o f  H-5,  H- 6  and H-7.  On t h e  b a s i s  t h a t
H-7 i s  a - o r i e n t e d  as  i n  a l l  s e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  so  f a r
17from h i g h e r  p l a n t s  , an a - o r i e n t a t i o n  f o r  H-5 and a 3- o r i e n t a t i o n  
f o r  H- 6  was c o n c l u d e d .  S i m i l a r l y ,  t h e  sm a l l  c o u p l i n g  c o n s t a n t  
J j  3 =3 . 0  Hz s u g g e s t e d  a 3 - o r i e n t a t i o n  f o r  t h e  a nge l  a t e  s i d e  c h a i n  
a t t a c h e d  a t  C - 8 . The c o n f i g u r a t i o n  o f  t h e  methyl  g roup  on C-4  was 
f o r m u l a t e d  as  3 on t h e  b a s i s  o f  t h e  c o u p l i n g  c o n s t a n t  ^ 4 ^5 =4 . 5  Hz 
which  was i n  a c c o r d  w i t h  a r e l a t i v e  c i s - d i s p o s i t i o n  o f  H-4 and H-5 .
Based  on t h e  same a r g u m e n t s ,  t h e  c o u p l i n g  c o n s t a n t s  3^ 3 =1 1 * 0  Hz and
T a b l e  1 0 - 1 .  ^  NMR s p e c t r a l  d a t a *  o f  compounds 114 ,  115 and 116 .
* * ****** ******
114 115 116
H- 2 5 .58 d ( 2 . 0 ) 6 .51  d ( 1 2 . 0 ) 3 .7 1  [ 2 . 8 5 ]  dd ( 1 1 . 0 ;  6 . 0 )
H- 3a 2 . 7 6  [ 2 . 4 0 ]  dd ( 1 5 . 5 ; 6 . 0 )
— ‘ 5 . 9 4  t ( 1 2 . 0 )
2 . 4 8 52 . 6 8 # [ 2 . 0 0 - - 2 .3 0 # ]H- 3b
H- 4 3 .0 6 P ( 7 . 0 ) 3 .1 9 „ d d q  
1 .7 7  m
( 5 . 0 ) 2 .6 0  [ 1 . 9 7 ]  m
H- 5a 2 .6 1 ddd ( 1 4 . 0 ; 1 0 . 0 ; 7 . 0 ) 1
1 . 4 6 #
h 1 . 6 3  [ 0 . 6 5 - 0 . 8 0 ] dd ( 1 1 . 0 ; 4 . 5 )
H- 5b 2 .0 6 b r  d ( 1 4 . 0 ) 1
H- 6 4 .4 1 b r  dd ( 1 0 . 0 ) 4 . 4 7  dd ( 1 2 . 0 ; 5 . 0 ) 4 . 4 8  [ 3 . 9 4 ]  t ( 1 1 . 0 )
H- 7 3 .6 0 m 2 .6 7  m 2 .8 5  [ 1 . 8 6 ]  dddd ( 1 1 . 0 ; 3 . 5 ; 3 . 2 ; 3 . 0 )
H- 8 5 .0 4 b r  d ( 4 . 5 ) 5 . 4 4  dd ( 9 . 5 ; 2 . 5 ) 5 .8 3  [ 5 . 4 5 ]  m
H- 9a 2 .4 9  [ 2 . 1 0 ]  dd ( 1 5 . 5 ; 3 . 0 )
■5.40 d ( 4 . 5 ) 3 . 9 3  t ( 9 . 5 )
1 . 5 5 - 1 . 7 5 # [# ]H- 9b
H-13a 6 .3 3 d ( 3 . 2 ) 6 . 2 8  d ( 1 . 2 ) 6 .2 1  [ 6 . 0 5 ]  d ( 3 . 5 )
H-13b 5 .4 9 d ( 3 . 0 ) 5 .7 9  b r s 5 .5 1  [ 5 . 1 2 ]  d ( 3 . 2 )
H-14 1.37 s 1 .5 2  s 1 .2 8  [ 0 . 8 4 ]  s
H-15 1 .39 d ( 6 . 5 ) 1 .12  d ( 6 . 2 ) 1 .32  [ 1 . 4 2 ]  d ( 7 . 0 )
OAng 6 .1 6 qq ( 7 . 0 ; 1 . 5 ) 6 . 0 8  qq ( 7 . 0  ; 2 . 0 ) 6 . 1 4  [ 5 . 6 8 ]  qq ( 7 . 0 ; 2 . 0 )
1 .95 dq ( 7 . 0 ; 1 . 5 ) 1 .95  dq ( 7 . 0 ; 2 . 0 ) 1 .9 9  [ 1 . 9 1 ]  dq ( 7 . 0 ; 2 . 0 )
1 .8 2 b r 1 .8 5  b r 1 .8 7  [ 1 . 6 7 ]  q ( 2 . 0 )
OAc 2 .2 6 s ------------ ------------
* S p e c t r a  were run  i n  CDCl-j [ b e n z e n e - d g j  a t  206 MHz. F i g u r e s  i n  p a r e n t h e s e s  a r e  c o u p l i n g  c o n s t a n t s  ( J )  
o r  l i n e  s e p a r a t i o n s  i n  h e r t z .
^ O bsc u re d  by o t h e r  s i g n a l s .
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3 = 6 .0  Hz i n d i c a t e d  a y - o r i e n t a t i o n  f o r  t h e  s e c o n d a r y  OH group  a t  
C -2 .
The r e l a t i v e  o r i e n t a t i o n  o f  t h e  l ( 1 0 ) - e p o x i d e  r i n g  was 
f o r m u l a t e d  a s  3, on t h e  b a s i s  o f  t h e  c h e m ic a l  s h i f t s  o f  H-5 and H-6
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a s  compared t o  g l o b i c i n  which has  an a - o r i e n t e d  l ( 1 0 ) - e p o x i d e  
g r o u p .  The d o w n f i e l d  s h i f t  o f  H-6 ( a S = 0 .3 6 )  as  compared t o  g l o b i c i n ,  
and t h e  p r e s e n c e  o f  H-5 a t  t h e  normal p o s i t i o n s  f o r  t h i s  t y p e  o f  
p r o t o n ,  can be e x p l a i n e d  i f  t h e  l ( 1 0 ) - e p o x i d e  i s  3 - o r i e n t e d  i n  116.  
F u r t h e r  c o r r o b o r a t i o n  o f  t h i s  c o n c l u s i o n  was o b t a i n e d  by c o m p a r i s o n  
o f  t h e  *H NMR s p e c t r a l  d a t a  o f  116 ,  w i t h  t h e  ones  o f  a m i x t u r e  o f  ct-
OO
and 3 - l ( 1 0 ) - e p o x i d e  g u a i a n o l i d e s  o b t a i n e d  from d i h y d r o p a r t h e n o l i d e  , 
f o r  which t h e  H-6 s i g n a l s  a p p e a r  a t  6 4 .0 7  and 4 . 6 5 ,  r e s p e c t i v e l y .
1 0 .3  E x p e r i m e n t a l
1 0 . 3 . 1  I n s t r u m e n t a t i o n
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were  d e s c r i b e d  i n  2 . 3 . 1  
w ere  u s e d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  t h e  compounds i s o l a t e d  from C. 
l e p t o c e p h a l a .
1 0 . 3 . 2  The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  compounds from 
C a l e a  l e p t o c e p h a l a .
C a l e a  l e p t o c e p h a l a  B la k e  was c o l l e c t e d  on 3 A u g u s t ,  1978 in  
M ic h o a c a n ,  M exico,  1 3 .3  m i l e s  s o u t h  o f  t h e  j u n c t i o n s  120 and 37 a l o n g  
highway  37 (L.  U r b a t s c h  and J .  Wussow, No. 3347,  v o u c h e r  d e p o s i t e d  a t  
L . S . U . ,  U . S . A . ) .  The a i r - d r i e d  p l a n t  m a t e r i a l  (515 g) was e x t r a c t e d
A C
and worked  up by t h e  p r o c e d u r e  d e s c r i b e d  e a r l i e r  , and p r o v i d e d  9 . 0
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g o f  t h e  c r u d e  t e r p e n o i d  e x t r a c t .  Column c h r o m a to g r a p h y  o f  t h e  c ru d e  
s y r u p  on s i l i c a  gel  w i t h  c h l o r o f o r m - a c e t o n e  m i x t u r e s  o f  i n c r e a s i n g  
p o l a r i t y  p r o v i d e d  68 f r a c t i o n s  o f  200 ml e a c h .
P r e p a r a t i v e  TLC ( s i l i c a  g e l )  o f  f r a c t i o n  10 (105 mg) w i t h  
c h l o r o f o r m - a c e t o n e  ( 9 : 1 )  y i e l d e d  60 mg o f  a m i x t u r e  c o n s i s t i n g  m a in ly
CQ
o f  114 .  C r y s t a l l i z a t i o n  o f  t h i s  m i x t u r e  by v a p o r  d i f f u s i o n  from 
p e t r o l e u m  e t h e r - c h l o r o f o r m ,  gave 43 mg o f  a c o l o r l e s s  c r y s t a l l i n e  
compound i d e n t i f i e d  as  8 3 - a n g e l o y l o x y - 9 a - a c e t y l o x y c a l i c u l a t o l i d e
( ! * $ ) •
F r a c t i o n s  11-12  (230 mg) a f f o r d e d  82 mg o f  c a l e i n  A (65 )  a f t e r  
p u r i f i c a t i o n  by TLC ( s i l i c a  g e l )  w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 ) .
F r a c t i o n s  13 -15  (310 mg) y i e l d e d  51 mg o f  e p o x y c a l e i n  A (111)  by t h e  
same p r o c e s s .
P u r i f i c a t i o n  o f  f r a c t i o n s  17 -18 (97 mg) by r e p e t i t i v e  TLC on
s i l i c a  ge l  w i t h  c h l o r o f o r m - a c e t o n e  ( 9 : 1 )  y i e l d e d  45 mg o f
e r i o f l o r i n  (113)  and 11 mg o f  d e s a c e t y l c a l e i n  A ( 1 1 5 ) .
R e p e t i t i v e  p u r i f i c a t i o n  p r o c e s s e s  o f  f r a c t i o n s  2 1 -2 2  (65 mg) by
TLC on s i l i c a  ge l  w i t h  a c e t o n e - c h l o r o f o r m  m i x t u r e s  ( 1 : 9  and 2 : 8 )
a f f o r d e d  35 mg o f  8 3 - a n g e l o y l o x y - 9 a - h y d r o x y c a l y c u l a t o l i d e  ( 1 1 2 ) .
With a s i m i l a r  p u r i f i c a t i o n  p r o c e s s ,  f r a c t i o n s  28 -29  (52 mg) y i e l d e d
7 mg o f  8 3 - a n g e l o y l o x y l e p t o c e p h o l i d e  ( 1 1 6 ) .
8 3 - A n g e l o y 1 o x y - 9 a - a c e t y l o x y c a l y c u l a t o l i d e  ( 1 1 4 ) .  C20^26®8» ^
1 8 1 - 1 8 2 °C; UV X Me0H nm: 212 (e  1 . 9 5  x 104 ) ,  258 ( e  1 . 0 2  x 104 ) ;  IR max
v CHC13 cm"1 : 1755 ( y - l a c t o n e ) ,  1740 ( a c e t a t e ) ,  1715 ( u n s a t u r a t e d  
max
e s t e r )  1700 ( k e t o n e  g r o u p ) ,  1645 ( d o u b le  b o n d ) ,  1595 ( e n o l i c  d o u b l e  
b o n d ) ;  EIMS ( p r o b e )  m/z_ ( r e l . i n t . ) :  418 [M]+ ( 2 . 0 ) ,  400 [M-H20 ] +
( 4 . 8 ) ,  376 [M-CH2C 0 ] + ( 8 . 6 ) ,  359 [M-Ac0]+ ( 1 . 4 ) ,  358 [M-H0Ac]+ ( 3 . 5 ) ,
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277 [M-CH2CO-A1]+  ( 1 5 . 9 ) ,  276 [M-CH2C0-A]+ ( 1 . 6 ) ,  259 [M-Ac0-A]+
( 1 . 7 ) ,  83 [A2 ] + ( 1 0 0 . 0 ) ,  55 [A3 ] + ( 1 7 . 4 ) ,  43 [Ac]+ ( 4 . 9 ) .
D e s a c e t y l c a l e i n  A ( 1 1 5 ) .  C ^ H ^ O ^ ,  mp 19 8 .5 °C ;  UV A nm: end
a b s o r p t i o n ;  IR v ^ ^ 3  cm"''’ : 3530 (OH), 3440 (OH), 1760 ( y - l a c t o n e ) ,  ma x
1710 ( u n s a t u r a t e d  e s t e r ) ,  1690 ( k e t o n e ) ,  1630 ( d o u b le  b o n d ) ;  EIMS
( p r o b e )  m/z_ ( r e l . i n t . ) :  378 [M]+ ( 1 . 1 ) ,  360 [M-H20 ] + ( 1 . 6 ) ,  278
[M-A]+ ( 0 . 2 ) ,  260 [M-A-H20 ] + ( 0 . 2 ) ,  245 [M-A-H20 -M e]+ ( 0 . 1 ) ,  83 [A1 ] 4-
( 1 0 0 . 0 ) ,  55 [A2 ] 4 ( 2 4 . 7 ) .
8g-Ange1 oylox.y-1 e p t o c e p h o l i d e  ( 1 1 6 ) .  C2gH2g0g ,  mp 1 7 2 . 0 - 1 7 2 . 5 °C ;
UV A nm: end a b s o r p t i o n ;  IR v ^ ^ 3  cm"*: 3600 (OH), 3465 (OH), max max
1770 ( y - l a c t o n e ) ,  1715 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b le  b o n d ) ,  1245 
( e p o x i d e ) ,  870 ( e p o x i d e ) ;  EIMS ( p r o b e )  m/z_ ( r e l .  i n t . ) :  362 [M]+
( 0 . 3 ) ,  344 [M-H20 ] + ( 0 . 1 ) ,  263 [M-A1 ] + ( 5 . 0 ) ,  262 [M-A]+ ( 0 . 7 ) ,  245 
[ M-A1 -H20 ] + ( 0 . 7 ) ,  244 [M-A-H20 ] + ( 0 . 4 ) ,  217 [M-A1 -H20 - C 0 ] + ( 0 . 8 ) ,
216 [M-A-H20 - C 0 ] + ( 0 . 6 ) ,  83 [A2 ] 4 ( 1 0 0 . 0 ) ,  55 [A2 ] 4 ( 2 7 . 1 ) .
Chapter 11
THE ISOLATION AND STRUCTURE DETERMINATION OF SECONDARY METABOLITES
FROM CALEA OLIVERII.
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1 1 .1  I n t r o d u c t i  on
Chemica l  a n a l y s i s  o f  C a le a  o l i v e r i i  R ob in son  and Greenman from 
S a v a n n a ,  V e n e z u e l a ,  a f f o r d e d  a f l a v o n e  and a s e s q u i t e r p e n e  l a c t o n e .  
The s t r u c t u r e s  o f  t h e  i s o l a t e d  compounds were e s t a b l i s h e d  by 
s p e c t r o s c o p i c  m e t h o d s .  F i g u r e  11-1 shows t h e  s t r u c t u r e s  o f  t h e s e  







9 8  10]
F i g u r e  11-1 Compounds i s o l a t e d  from C a l e a  o l i v e r i i .
1 1 .2  The S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  Compounds I s o l a t e d  from 
C a l e a  O l i v e r i i .
E x t r a c t i o n  and w o r k in g  up o f  t h e  d r i e d  p l a n t  m a t e r i a l  o f  C.
o l i v e r i i  y i e l d e d  t h e  c r u d e  s y r u p  t h e  *H NMR s p e c t r u m  o f  which i s
i l l u s t r a t e d  i n  F i g u r e  1 1 - 2 .  P r e p a r a t i v e  TLC o f  t h i s  c r u d e  e x t r a c t ,  
by t h e  p r o c e d u r e  d e s c r i b e d  in  t h e  e x p e r i m e n t a l ,  a f f o r d e d  t h e  
f l a v o n e  98 and t h e  l a c t o n e  101.
Com par i son  o f  t h e  p h y s i c a l  and s p e c t r a l  d a t a  o f  98 w i t h  t h e  ones
o f  an a u t h e n t i c  s am p le  showed i t s  i d e n t i t y  w i t h  O - m e t h y l a c a c e t i n .
F i g u r e  1 1 - 2 .
H NMR s p e c t r u m  o f  t h e  c r u d e  e x t r a c t  o f  C. o l i v e r i i .
209
2 1 0
S p e c t r a l  d a t a  o f  t h e  l a c t o n e  101 c l e a r l y  d e m o n s t r a t e d  t h a t  i t  was 
i d e n t i c a l  w i t h  b u d l e i n  A, a c o n s t i t u e n t  f rom V i g u i e r a  s p e c i e s ^ * ^ ,  
bu t  a l s o  i s o l a t e d  f rom C a l e a  d i v a r i c a t a ,  as  d e s c r i b e d  e a r l i e r .  The 
*H NMR s p e c t r u m  o f  t h e  l a c t o n e  101 i s  shown i n  F i g u r e  11 -4 .
1 1 .3  E x p e r i m e n t a l
1 1 . 3 . 1  I n s t r u m e n t a t i o n
The same i n s t r u m e n t s  and c o n d i t i o n s  t h a t  were d e s c r i b e d  in  t h e  
o t h e r  C h a p t e r s  were  u sed  t o  c h a r a c t e r i z e  t h e  compounds i s o l a t e d  h e r e .
1 1 . 3 . 2  The i s o l a t i o n  o f  t h e  compounds from C a le a  o l i v e r i i .
C a l e a  o l i v e r i i  Rob inson  and Greenman was c o l l e c t e d  on December 
18 ,  1979,  in  S a v a n n a ,  V e n e z u e l a ,  n e a r  t h e  k i l o m e t e r  m arke r  166 South  
o f  El Dorado ( J .  P r u s k i  and J .  S t e y e r m a r k ,  No. 1438,  v o u c h e r  
d e p o s i t e d  a t  L . S . U . ,  U . S . A . ) .  The a i r  d r i e d  and g round p l a n t  
m a t e r i a l  was e x t r a c t e d  and worked  up by t h e  p r o c e d u r e  d e s c r i b e d  
e a r l i e r  (Scheme 2 - 1 ) ,  and p r o v i d e d  31 mg o f  t h e  c r u d e  e x t r a c t .  
P r e p a r a t i v e  TLC o f  23 mg o f  t h i s  c r u d e  s y r u p  on s i l i c a  gel w i t h  
c h l o r o f o r m - a c e t o n e  ( 9 : 1 ) ,  a f f o r d e d  1 mg o f  0 - m e t h y l a c e c e t i n  (98 )  and 
6 mg o f  b u d l e i n  A ( 1 0 1 ) .
Figure 1 1 -3 .
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1 2 .1  I n t r o d u c t i o n
As a f i n a l  s t a g e  i n  ou r  b i o c h e m i c a l  s y s t e m a t i c  s t u d y  o f  t h e  
genus  C a l e a ,  we have  a n a l y z e d  C a l e a  j a m a i c e n s i s  L. f rom J a m a i c a ,  
b e c a u s e  i t  r e p r e s e n t s  t h e  t y p e  s p e c i e s  f o r  t h e  genus  C a le a  and i t  had 
n o t  been c h e m i c a l l y  i n v e s t i g a t e d  b e f o r e .
Chemica l  a n a l y s i s  o f  C. j a m a i c e n s i s  y i e l d e d  se v en  compounds 
which  r e p r e s e n t  a c h ro m e n e ,  two f l a v o n e s ,  and f o u r  new s e s q u i t e r p e n e  
l a c t o n e s .  The s t r u c t u r e s  o f  t h e  i s o l a t e d  compounds a r e  shown in  
F i g u r e  1 2 - 1 .
Com par i son  o f  t h e  s p e c t r a l  d a t a  o f  compound 95 w i t h  t h e  ones  of  
an a u t h e n t i c  s a m p l e ,  a l l o w e d  i t s  i d e n t i f i c a t i o n  as  p r u n ic h r o m e n e  B, 
which  we p r e v i o u s l y  i s o l a t e d  f rom C. p r u n i f o l i a . S p e c t r a l  d a t a  o f  
t h e  f l a v o n e s  d e m o n s t r a t e d  t h e i r  i d e n t i t i e s  w i t h  a c a c e t i n  (64 )  and 0 -  
m e t h y l a c a c e t i n  ( 9 8 ) ,  r e s p e c t i v e l y .
The new l a c t o n e s  c o r r e s p o n d  t o  two g u a i a n o l i d e s ,  j a m a i c o l i d e s  
A (117 )  and B ( 1 1 8 ) ,  a h e l i a n g o l i d e ,  j a m a i c o l i d e  C ( 1 2 0 ) ,  and a 7 , 8 -  
t r a n s  l a c t o n i z e d  g e r m a c r o l i d e ,  j a m a i c o l i d e  D ( 1 2 1 ) .  The s t r u c t u r e s  
o f  t h e s e  new compounds were  e s t a b l i s h e d  by s p e c t r o s c o p i c  m e t h o d s .
1 2 .2  The S t r u c t u r e  D e t e r m i n a t i o n  o f  t h e  Compounds I s o l a t e d  f rom C a le a
J a m a i c e n s i s .
E x t r a c t i o n  and w o r k i n g  up o f  t h e  d r i e d  p l a n t  m a t e r i a l  o f  C. 
j a m a i c e n s i s  by t h e  p r o c e d u r e  d e s c r i b e d  in  t h e  e x p e r i m e n t a l ,  y i e l d e d  
t h e  c r u d e  t e r p e n o i d  e x t r a c t  t h e  NMR s p e c t r u m  o f  which i s  shown i n  
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Figure 12-1 .  (Continued)
*1
J a m a i c o l i d e  A ( 1 1 7 ) ,  C22**26**8» *s a 9um an ^  s p e c t r u m  
( F i g u r e  1 2 - 3 )  showing t y p i c a l  s i g n a l s  f o r  an a - m e t h y l e n e - y - l a c t o n e  
m o ie ty  ( two o n e - p r o t o n  d o u b l e t s  a t  5 6 .31  (H-13a)  and 5 .6 5  (H-13b)  
c o u p l e d  w i t h  a o n e - p r o t o n  m u l t i p l e t  a t  6 3 . 6 3  ( H - 7 ) ) .  A s t r o n g  IR 
a b s o r p t i o n  band a t  1755 cm-1 f u r t h e r  c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a 
Y - l a c t o n e .  O t h e r  IR bands  showed t h e  p r e s e n c e  o f  h yd roxy l  g r o u p ( s )  
(3360 cm- '*'), a s a t u r a t e d  e s t e r  (1730 cm- '*'), an u n s a t u r a t e d  e s t e r  
(1710 cm- * ) ,  and d o u b l e  bonds (1645 cm- * ) .  The e s t e r  s i d e  c h a i n  was
on
i d e n t i f i e d  as  a 4 - a c e t y l o x y a n g e l a t e  g roup  5 on t h e  b a s i s  o f  t h e  
c h a r a c t e r i s t i c  *H NMR s i g n a l s ,  a o n e - p r o t o n  t r i p l e t  o f  q u a r t e t s  a t  6 
6 . 0 3 ,  a t w o - p r o t o n  d o u b l e  o f  q u a r t e t s  a t  6 4 . 9 4 ,  a t h r e e - p r o t o n
Figure 12-2.  *H NMR spectrum of  the crude e x trac t  
of C. jamaicensis .
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d o u b l e t  a t  6 1 . 8 5 ,  and a t h r e e - p r o t o n  a c e t a t e  methy l  s i n g l e t  a t  6 
2 . 0 7 ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  peaks  a t  m/z_ 99 [A-A
( 1 0 0 . 0 ) ,  82 [A*-A'*] ( 4 2 . 8 ) ,  and 43 [A^] ( 3 8 . 1 ) .  F u r t h e r  c o n f i r m a t i o n  
o f  t h i s  a s s i g n m e n t  was c o n f i r m e d  by s p i n  d e c o u p l i n g  e x p e r i m e n t s  of  
t h e  s i d e  c h a i n  s i g n a l s .  Double  i r r a d i a t i o n  o f  t h e  t r i p l e t  o f  
q u a r t e t s  a t  6 6 . 0 3  ( H - 3 1) c o l l a p s e d  t h e  d o u b l e t  o f  q u a r t e t s  a t  6 4 . 9 4  
( H - 4 1) t o  a b r o a d e n e d  s i n g l e t  and c hanged  t h e  d o u b l e t  a t  6 1 .85  (H- 
5 1) a l s o  t o  a s i n g l e t .  S p i n  d e c o u p l i n g  a t  <5 4 . 9 4  ( H - 4 1) c o l l a p s e d  
t h e  H-3 * s i g n a l  t o  a b r o a d  d o u b l e t  and s h a r p e n e d  t h e  o l e f i n i c  methyl  
d o u b l e t  a t  6 1 . 8 5  ( H - 5 1) ,  w h i l e  d o u b l e  i r r a d i a t i o n  o f  t h e  s l i g h t l y  
b r o a d e n e d  o l e f i n i c  methy l  d o u b l e t  a t  5 1 .8 5  ( H-5 *) c o l l a p s e d  t h e  H - 4 1 
d o u b l e t  o f  q u a r t e t  s i g n a l  a t  6 4 . 9 4  t o  a s h a r p  d o u b l e t ,  and r e d u c e d  
t h e  H-3 * a t  6 6 . 0 3  t o  a t r i p l e t .
1
The a s s i g n m e n t  o f  a l l  t h e  s k e l e t a l  H NMR s i g n a l s  o f  compound 
117 were  de duc ed  from d e t a i l e d  d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s  in  
CDC1 3 and b e n z e n e - d g ,  t h e  r e s u l t s  o f  which a r e  summ arized  i n  T a b le  
12- 1 .
The c he m ica l  s h i f t  o f  H-5 ( 6  2 . 5 1 )  and H- 6  ( 6  4 . 6 8 ) ,  t h e  
m u l t i p l i c i t y  o f  H-5 ( d o u b l e t )  and H- 6  ( d o u b l e t  o f  d o u b l e t ) ,  and t h e i r  
c o u p l i n g  c o n s t a n t s  ( J ^  6 = 11*° -^6 7 = 9 * 2 Hz)> t o g e t h e r  w i t h  t h e
a b s e n c e  o f  a n g u l a r  methy l  s i g n a l s ,  were  a c l e a r  i n d i c a t i o n  o f  t h e  
p r e s e n c e  o f  a t r a n s - 1 2 , 6 - g u a i a n o l i d e  t y p e  s k e l e t o n  i n  compound 117.
C om par i son  o f  t h e  NMR s p e c t r u m  o f  117 w i t h  t h a t  of  
s u b c o r d a t o l i d e  A p r e v i o u s l y  i s o l a t e d  from C a le a  s u b c o r d a t a , and w i t h  
t h e  one o f  d e s a c y l - 8 - t i g l y l s u b c o r d a t o l i d e  A found  i n  C. b e r t e r i a n a ,
C.  p r u n i f o l i a  and C. s o l i d a g i n e a ,  showed a lm o s t  no d i f f e r e n c e s  i n  t h e  
b a s i c  s k e l e t a l  s i g n a l s .  Excep t  f o r  t h e  s i d e  c h a i n  s i g n a l s ,  t h e
2 2 0
s p e c t r a  were p r a c t i c a l l y  s u p e r i m p o s a b l e .  Based  on t h i s  c l o s e
s i m i l a r i t y  o f  t h e  s p e c t r a ,  t h e  same c o n f i g u r a t i o n s  a t  C - l ,  C -4 ,  C -5 ,
C -6 ,  C-7 and C-8 were  c o n c l u d e d  and t h e  s t e r e o - s t r u c t u r e  shown
i n  117 was p r o p o s e d .
J a m a i c o l i d e  B ( 1 1 8 ) ,  e x h i b i t e d  in  t h e  *H NMR s p e c t r u m
( F i g u r e  1 2 - 4 )  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 6  (H-13a)  and 5 .4 6  (H-
1 3 b ) ,  and a o n e - p r o t o n  m u l t i p l e t  a t  6 3 .7 7  (H-7)  i n d i c a t i n g  an a -
m e t h y l e n e - y - l a c t o n e .  A s t r o n g  IR a b s o r p t i o n  band a t  1760 cm- *
c o r r o b o r a t e d  t h e  p r e s e n c e  o f  a y - l a c t o n e .  F u r t h e r  IR a b s o r p t i o n
1
bands  a t  1740,  1705 and 1650 cm i n d i c a t e d  t h e  p r e s e n c e  o f  an 
a c e t a t e ,  an u n s a t u r a t e d  e s t e r  s i d e  c h a i n ,  and d o u b l e  b o n d s .  A b road  
IR a b s o r p t i o n  band a t  3490 cm- * s u g g e s t e d  t h e  p r e s e n c e  of  hydroxy l  
g r o u p s .  As in  t h e  c a s e  o f  compound 117,  t h e  e s t e r  s i d e  c h a i n  was 
i d e n t i f i e d  as  a 4 - a c e t y l o x y a n g e l a t e  group on t h e  b a s i s  o f  t h e  
d i a g n o s t i c  *H NMR s i g n a l s ,  t o g e t h e r  w i t h  t h e  c h a r a c t e r i s t i c  mass 
s p e c t r a l  peaks  a t  m/z 99 [A-A ■*], 82 [A*-A^] ,  and 43 [A ^ ] .
MB— — “ ^  ^  ^
E x h a u s t i v e  s p i n  d e c o u p l i n g  e x p e r i m e n t s  a l l o w e d  t h e  a s s i g n m e n t  o f  a l l
t h e  s i g n a l s ,  a s  summ arized  i n  T a b l e  1 2 - 1 .
A d i s t i n c t  f e a t u r e  i n  t h e  mass s p e c t r u m  o f  118 was t h e  p r e s e n c e
o f  o n ly  ve ry  weak h ig h  mass peaks  and a b a s e  peak a t  jtj/ z_ 1 1 1 ,  which
c o r r e s p o n d s  t o  C6Hy02+ ( C ) .  The f o r m a t i o n  o f  t h i s  m/z_ 111 ion  can be
a c c o u n t e d  f o r  by f r a g m e n t a t i o n  o f  a d i e p o x y c y c l o p e n t a n e  m o ie ty  i n
fid
118,  and t h u s  s u g g e s t i n g  a s t r u c t u r e  s i m i l a r  t h a n  t h o s e  o f  c a n i n
C O
and a r t e c a n i n  .
The c he m ica l  s h i f t  and s p l i t t i n g  p a t t e r n s  o f  H-5 and H-6, 
t o g e t h e r  w i t h  t h e  a b s e n c e  o f  a n g u l a r  m ethy l  s i g n a l s  were  a c l e a r  
i n d i c a t i o n  o f  a g u a i a n o l i d e - t y p e  s k e l e t o n  i n  118.  The c o u p l i n g
F i g u r e  1 2 - 4 .  NMR s p e c t r u m  o f  j a m a i c o l i d e  B ( 1 1 8 ) .
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c o n s t a n t s  _Jg g=Jg -j~ 1 1 .2  Hz s u g g e s t e d  an a n t i p e n  pi a n a r  a r r a n g e m e n t  
o f  H-5,  H-6 and H-7, and t h e r e f o r e  an a - o r i e n t a t i o n  f o r  H-5 and a 
3 - o r i e n t a t i o n  f o r  H-6. On t h e  b a s i s  o f  c h e m ica l  s h i f t s  a r g u m e n t s ,  
t h e  4 - a c e t y l o x y a n g e l a t e  s i d e  c h a i n  was a t t a c h e d  t o  C -8 ,  and on t h e  
b a s i s  o f  t h e  sm a l l  c o u p l i n g  c o n s t a n t  Jj  g = 3 .0  Hz t h e  3 - o r i e n t a t i o n  of  
t h e  e s t e r  a t  C-8 was o b v i o u s .
The c he m ic a l  s h i f t s  o f  t h e  t h r e e - p r o t o n  methy l  s i g n a l s  a t  6 1 .1 2  
(H-14)  and 6 1 .5 8  (H-15)  were  in  a g re e m e n t  w i t h  t h e  p r e s e n c e  o f  a 
h y d r o x y l  group a t  C-10 and an epoxy f u n c t i o n  a t  C -4 ,  r e s p e c t i v e l y .
The p r e s e n c e  o f  two o n e - p r o t o n  b r o a d e n e d  s i n g l e t s  a t  6 3 .6 0  (H-2)  and 
3 . 2 9  (H-3)  c l e a r l y  s u g g e s t e d  t h e  p r e s e n c e  o f  g roups  a t  C-2 and C-3 as  
i n  c a n i n ^  and a r t e c a n i n ® ® .  The sm a l l  c o u p l i n g  c o n s t a n t  ^  
c l e a r l y  i n d i c a t e d  a c i s - a r r a n g e m e n t  o f  t h e s e  p r o t o n s ,  and from t h e  
c h e m ic a l  s h i f t  o f  H-5 (6 2 .8 6 )  which i s  c o m p a r a b l e  w i t h  t h e  one o f  
a r t e c a n i n  and s h i f t e d  t o w a r d s  lo w e r  f i e l d s  w i t h  r e s p e c t  t o  t h e  H-5 o f  
c a n i n  we c o n c l u d e d  t h a t  t h e  e p o x i d e  g ro u p s  a t t a c h e d  t o  C-2 and C-3
C O
had t o  be a - o r i e n t e d  a s  i n  a r t e c a n i n  .
Compari son  o f  t h e  c he m ic a l  s h i f t  o f  H-6 i n  compound 118 w i t h  t h e  
one  i n  a r t e c a n i n  a l s o  s u g g e s t e d  an a - o r i e n t a t i o n  f o r  t h e  OH group a t  
C -10 ,  s i n c e  a 3 OH group  would c a u s e  d e s h i e l d i n g  o f  H-6 from i t s  
normal  p o s i t i o n .  F u r t h e r  c o r r o b o r a t i o n  o f  t h i s  c o n c l u s i o n  was 
o b t a i n e d  by i n  s i t u  a c y l a t i o n  o f  118 w i t h  t r i c h l o r o a c e t y l  
i s o c y a n a t e ^ .  The *H NMR s p e c t r u m  o f  t h e  t r i c h l o r o a c e t y l  c a r b a m a t e  
d e r i v a t i v e  119 o f  j a m a i c o l i d e  C (118)  showed an NH s i g n a l  a t  6 8 .4 5  
p r o v i d i n g  f u r t h e r  e v i d e n c e  f o r  t h e  p r e s e n c e  o f  one hy d ro x y l  group in  
compound 118.
The *H NMR s i g n a l s  o f  119 were a s s i g n e d  by d o u b l e  i r r a d i a t i o n
223
e x p e r i m e n t s  and a r e  shown i n  T a b le  1 2 - 1 .  The p a r a m a g n e t i c  a c y l a t i o n  
s h i f t  o f  t h e  C-10-Me s i g n a l s  (H-14)  f rom  6 1 .13  in  118 t o  6 1 .41
i n  119 ( a S=0 . 28)  c l e a r l y  i n d i c a t e d  a t e r t i a r y  hydroxyl  group at
52C-10 . The a b s e n c e  o f  a p a r a m a g n e t i c  s h i f t  of  H-6 in  119 as  compared
w i t h  t h e  H-6 o f  118 ,  c o r r o b o r a t e d  t h e  s t e r e o c h e m i s t r y  a t  C-10 w i t h  an 
a - o r i e n t e d  OH g r o u p .
On t h e  b a s i s  o f  a l l  t h e  above s p e c t r o s c o p i c  e v i d e n c e  t h e  
s t r u c t u r e  shown i n  118 was p r o p o s e d  f o r  j a m a i c o l i d e  C.
J a m a i c o l i d e  C ( 1 2 0 ) ,  C2gH2g0g, a 9um an ^  s p e c t r u m  t h a t
i n d i c a t e s  t h e  p r e s e n c e  o f  h yd roxy l  g r o u p ( s )  (3500 and 3405 cirT*, a
1 1 y - l a c t o n e  (1755 cm ) ,  an u n s a t u r a t e d  e s t e r  (1710 cm ) ,  and d o u b l e
b o n d ( s )  (1650 cm” * ) .  The p r e s e n c e  o f  an a - m e t h y l e n e - y - l a c t o n e  was
f u r t h e r  c o r r o b o r a t e d  by t h e  H NMR s p e c t r u m  o f  120 which  showed two
o n e - p r o t o n  d o u b l e t  a t  6 6 . 3 4  (H-13a)  and 5 .7 7  (H-13b)  c o u p le d  w i t h  a
o n e - p r o t o n  m u l t i p l e t  a t  6 3 .1 3  ( H - 7 ) .  The u n s a t u r a t e d  e s t e r  s i d e
c h a i n  was a s s i g n e d  t o  an ange l  a t e  g roup  on t h e  b a s i s  o f  t h e  t y p i c a l
*H NMR s i g n a l s  (a o n e - p r o t o n  q u a r t e t  o f  q u a r t e t s  a t  6 6 . 1 1 ,  a t h r e e -
p r o t o n  d o u b l e t  o f  q u a r t e t s  a t  6 1 . 9 6 ,  and a t h r e e  p r o t o n  d o u b l e t  a t  6
1 . 8 1 ) ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  f r a g m e n t s  a t  jm/z_ [A'*’] and
55 [A2 ] .  A s s i g n m e n t s  of  a l l  t h e  *H NMR s i g n a l s  ( F i g u r e  1 2 - 5 )  were
d e d u c ed  f rom d o u b l e  i r r a d i a t i o n  e x p e r i m e n t s ;  t h e  r e s u l t s  a r e
p r e s e n t e d  i n  T a b l e  1 2 - 1 .
The p r e s e n c e  o f  H-7 as  a v e ry  na r row  m u l t i p l e t  a t  6 3 . 1 3  i n  t h e
*H NMR s p e c t r u m  o f  120,  and  t h e  sm a l l  c o u p l i n g  c o n s t a n t s  _J_7 ^ 3a= 2 . 5
Hz, J j  i 3 b =2 . 0  Hz, and Jig y=2 .5  Hz, t o g e t h e r  w i t h  an o l e f i n i c  methy l
d o u b l e t  (J_=1.8 h z ) ,  c l e a r l y  s u g g e s t e d  t h e  p r e s e n c e  o f  an
h e l i a n g o l i d e - t y p e  s k e l e t o n  c o n t a i n i n g  a 1 2 , 6 a - l a c t o n e  and a 4 , 5 - c i s -











d o u b l e  bond .  The c h e m ic a l  s h i f t s  o f  H-l  (<5 4 . 0 9 )  and H~3 (6  4 . 5 1 )
w e re  i n d i c a t i o n s  o f  t h e  p r e s e n c e  o f  OH g ro u p s  a t t a c h e d  t o  C - l  and
C -3 ,  r e s p e c t i v e l y .
C om par i son  o f  t h e  *H NMR s p e c t r u m  o f  120 w i t h  t h e  one o f
c a l b e r t o l i d e  C (85 )  p r e v i o u s l y  i s o l a t e d  from C a l e a  b e r t e r i a n a , showed
s i g n i f i c a n t  d i f f e r e n c e s  o n l y  i n  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  t h e
d i f f e r e n t  s i d e  c h a i n s .  We t h e r e f o r e  c o n c l u d e d  f o r  j a m a i c o l i d e  C t h e
same c o n f i g u r a t i o n s  a t  C - l ,  C -3 ,  C -6 , C - 7 ,  and C- 8  a s  c a l b e r t o l i d e  C
( 8 5 ) ,  and t h e  s t e r e o - s t r u c t u r e  shown i n  120 was p r o p o s e d  f o r  i t .
J a m a i c o l i d e  D ( 1 2 1 ) ,  C2 2 H2 8 O7 was a 9um w i t h  an ^  s p e c t r u m
showing  a b s o r p t i o n  bands  a t  3480 ( b r o a d ,  OH), 1765 ( y - l a c t o n e ) ,  1730
1
( s a t u r a t e d  e s t e r ) ,  1710 ( u n s a t u r a t e d  e s t e r ) ,  and 1650 cm ( d o u b le
b o n d s ) .  The *H NMR s p e c t r u m  ( F i g u r e  1 2 - 6 )  showed a t  room t e m p e r a t u r e
v e ry  b r o a d  and u n c h a r a c t e r i s t i c  s i g n a l s  which i n d i c a t e d  a m i x t u r e  o f
90c o n f o r m a t i o n a l  i s o m e r s  . However ,  even  a t  room t e m p e r a t u r e ,  t h e  
p r e s e n c e  o f  two o n e - p r o t o n  d o u b l e t s  a t  6 6 . 2 6  (H-13a)  and 5 .49  (H- 
13b)  which  c o l l a p s e d  t o  s i n g l e t s  upon i r r a d i a t i o n  o f  a b r o a d  s i g n a l  
a t  6 3 .4 6  ( H - 7 ) ,  f u r t h e r  c o n f i r m e d  t h e  p r e s e n c e  o f  an a - m e t h y l e n e - y -  
l a c t o n e  m o e i t y .  E x h a u s t i v e  s p i n  d e c o u p l i n g  e x p e r i m e n t s  i n  
d e u t e r o b e n z e n e  a t  107°C and in  CDCI3 a t  67°C a l l o w e d  t h e  a s s i g n m e n t  
o f  a l l  t h e  b a s i c  s k e l e t a l  s i g n a l s  t h a t  a r e  shown i n  T a b l e  1 2 - 2 .
The s a t u r a t e d  e s t e r  s i d e  c h a i n  (IR band a t  1730 cm"'*') was 
i d e n t i f i e d  as  an a c e t a t e  group  ( t h r e e - p r o t o n  s i n g l e t  a t  6 2 . 0 8  and a 
s t r o n g  mass s p e c t r a l  peak a t  m / z _ 4 3 ) .  S i m i l a r l y ,  t h e  u n s a t u r a t e d  
e s t e r  s i d e  c h a i n  was a s s i g n e d  t o  an a n g e l a t e  group on t h e  b a s i s  o f  
t h e  t y p i c a l  *H NMR s i g n a l s  ( a  o n e - p r o t o n  b r o a d e n e d  q u a r t e t  a t  6 6 . 1 3 ,  
a t h r e e - p r o t o n  d o u b l e t  o f  q u a r t e t s  a t  6 1 . 9 7 ,  and a t h r e e - p r o t o n
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OAcFigure 12-7. Benzene-dg *H NMR spectrum  of jam a ico lid e  D (121) 







b r o a d  s i n g l e t  a t  6 1 . 8 4 ) ,  t o g e t h e r  w i t h  s t r o n g  mass s p e c t r a l  
f r a g m e n t s  a t  m /z _ 83 (B^) and 55 ( B ^ ) .
The ^H NMR s p e c t r u m  o f  121 in  CDC13 a t  67°C c l e a r l y  showed ,  
b e s i d e s  t h e  s i g n a l s  c o r r e s p o n d i n g  t o  t h e  s i d e  c h a i n s ,  t h e  p r e s e n c e  o f  
two e x o c y c l i c  m e t h y l e n e  g r o u p s  ( two d o u b l e t s  a t  6 6 . 2 6  and 5 .4 9  f o r  
t h e  H - 1 3 ' s ,  and two b r o a d e n e d  o n e - p r o t o n  s i n g l e t s  a t  6 5 . 3 6  and 4 . 9 3  
r e p r e s e n t i n g  an e x o c y c l i c  m e t h y l e n e  g roup  on C-4 o r  C - 1 0 ) ,  one 
o l e f i n i c  m ethy l  group (6  1 . 8 5 ) ,  one o l e f i n i c  p r o t o n  ( 6  5 . 1 5 ) ,  one 
p r o t o n  on a c a r b o n  b e a r i n g  an hyd roxy l  group ( 6  4 . 3 8 ) ,  two p r o t o n s  on 
t h e  c a r b o n s  b e a r i n g  t h e  e s t e r  s i d e  c h a i n s  ( 6  5 . 9 2  and 5 . 4 6 ) ,  and t h e  
l a c t o n i c  s i g n a l  a t  6 4 . 9 9 .  S i n c e  t h e  peak m u l t i p l i c i t i e s  were  
u n d i s t i n g u i s h a b l e  a t  room t e m p e r a t u r e ,  and b e c a u s e  t h e  c he m ica l  
s h i f t s  d i d  n o t  c h a n g e  s i g n i f i c a n t l y  when t h e  s p e c t r a  were  o b t a i n e d  a t  
h i g h e r  t e m p e r a t u r e  as  i t  can be seen  from T a b l e  1 2 - 2 ,  t h e  *H NMR 
s p e c t r a l  d i s c u s s i o n  t h a t  f o l l o w s  r e f e r  t o  t h e  h ig h  t e m p e r a t u r e  d a t a  
in  d e u t e r o b e n z e n e  ( F i g u r e  1 2 - 7 ) .
Double  i r r a d i a t i o n  o f  t h e  m u l t i p l e t  a t  6 2 . 9 2  (H-7)  c o l l a p s e d  
t h e  d o u b l e t s  a t  6 6 .1 7  (H -13a)  and 5 .2 3  ( H - 1 3 b ) ,  s i m p l i f i e d  t h e  
m u l t i p l e t  a t  6 5 . 7 8  t o  a d o u b l e t  o f  d o u b l e t s ,  and r e d u c e d  t h e  t r i p l e t  
a t  6 4 . 8 7  t o  a d o u b l e t .  On t h e  b a s i s  o f  c h e m ic a l  s h i f t s  a r g u m e n t s ,  
t h e  t r i p l e t  a t  6 4 . 8 7  was a s s i g n e d  t o  t h e  l a c t o n i c  p r o t o n ,  w h e r e a s  
t h e  m u l t i p l e t  a t  5 .7 8  t o  a p r o t o n  on a c a rb o n  b e a r i n g  one o f  t h e  
e s t e r  s i d e  c h a i n s .  The b ro ad  NMR s i g n a l s  a t  room t e m p e r a t u r e  and 
i t s  d r a s t i c  s h a r p e n i n g  a t  h i g h e r  t e m p e r a t u r e s  were a s t r o n g  
i n d i c a t i o n  o f  a p o s s i b l e  1 2 , 8 - g e r m a c r a n o l i d e  s k e l e t o n  i n  compound 
121 91-95^ anc| t h e r e f o r e  we a s s i g n e d  t h e  l a c t o n i c  t r i p l e t  a t  6 4 .8 7  
t o  H- 8  and t h e  m u l t i p l e t  a t  6 5 . 7 8  t o  H-6 . The c o u p l i n g  c o n s t a n t
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Jy  g = 9 .5  was a C^e a r  i n d i c a t i o n  o f  an a n t i p e r i p l a n a r  a r r a n g e m e n t  
o f  H-7 and H-8 , and c o n s e q u e n t l y  o f  a t r a n s  1 2 , 8 - l a c t o n e .  Spin 
d e c o u p l i n g  o f  t h e  l a c t o n i c  p r o t o n  H-8 , c o l l a p s e d  t h e  b road  H-7 
m u l t i p l e t  t o  a n a r r o w e r  m u l t i p l e t ,  and r e d u c e d  t h e  d o u b l e t  a t  6 5 .1 5  
( 6  5 . 4 6  in  CDCI3 ) t o  a s i n g l e t ,  which on t h e  b a s i s  o f  c hem ica l  s h i f t  
a rg u m e n t s  s h o u l d  c o r r e s p o n d  t o  t h e  p r o t o n  on t h e  c a rb o n  b e a r i n g  t h e  
s e c o n d  e s t e r  s i d e  c h a i n  ( H - 9 ) .  The c o u p l i n g  c o n s t a n t  _Jg g= 9 .5  Hz, 
a g a i n  i n d i c a t e d  an a n t i p e r i p l a n a r  a r r a n g e m e n t  f o r  H- 8  and H-9 and 
t h e r e f o r e  a g - o r i e n t a t i o n  f o r  t h e  e s t e r  s i d e  c h a i n  a t  C-9 .
Sp in  d e c o u p l i n g  o f  H-6 s h a r p e n e d  t h e  H-7 m u l t i p l e t  a t  6 2 . 9 2 ,  
and c o l l a p s e d  t h e  two b r o a d e n e d  d o u b l e t  o f  d o u b l e t s  a t  6 2 . 3 9  (H-5a)  
and 6 2 .01  (H-5b)  t o  b r o a d  d o u b l e t s .  In r e t u r n ,  d o u b l e  i r r a d i a t i o n  
o f  e i t h e r  o f  t h e  H - 5 ' s ,  b e s i d e  r e d u c i n g  t h e  H-6 m u l t i p l e t  a t  6 5 . 7 8 ,  
a l s o  s h a r p e n e d  up t h e  b r o a d e n e d  s i n g l e t s  a t  6 4 . 8 4  (H-15a)  and 4 .51  
( H - 1 5 b ) ,  w h i l e  i r r a d i a t i o n  o f  e i t h e r  o f  t h e  H - 1 5 ' s  s h a r p e n e d  bo th  
b r o a d e n e d  H-5 d o u b l e t  o f  d o u b l e t s ,  t h u s  e s t a b l i s h i n g  t h e  a l l y l i c  
d i s p o s i t i o n  o f  t h e  H - 5 ' s  and t h e  e x o c y c l i c  m e t h y l e n e  group a t  C -4 .
The r e m a i n i n g  d o w n f i e l d  s i g n a l s  t o  be a s s i g n e d  were t h e  b road  
t r i p l e t  a t  6 3 . 8 5  which c o r r e s p o n d s  t o  a p r o t o n  on a c a rb o n  b e a r i n g  
an OH g r o u p ,  and a d o u b l e t  o f  d o u b l e t s  a t  6 5 .15  r e p r e s e n t i n g  an 
o l e f i n i c  p r o t o n .  Sp in  d e c o u p l i n g  a t  6 3 . 8 5  changed  t h e  r e g i o n  
be tw een  6 1 . 9 - 2 . 1 ,  and s h a r p e n e d  bo th  H-15 b ro ad  s i n g l e t s  a t  6 4 . 8 4  
and 4 . 5 1 ,  c l e a r l y  i n d i c a t i n g  a g a i n  an a l l y l i c  p o s i t i o n  o f  t h i s  p r o t o n  
and t h e  H - 1 5 ' s ,  and t h e r e f o r e  i d e n t i f y i n g  i t  as  H-3.  Based on 
s t e r e o m o d e l  c o n s i d e r a t i o n s ,  t h e  c o u p l i n g  c o n s t a n t s  ^ 2 a>3 =7 . 5  Hz 
s u g g e s t  a p o s s i b l e  g - o r i e n t a t i o n  f o r  t h e  OH group a t  C - 3 .  Spin 
d e c o u p l i n g  a t  6 1 . 9 4  ( H - 2 ' s )  c o l l a p s e d  t h e  H-3 t r i p l e t  a t  6 3 . 8 5  t o  a
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b r o a d e n e d  s i n g l e t ,  and r e d u c e d  t h e  d o u b l e t  o f  d o u b l e t s  a t  6 5 .11  t o  a 
b r o a d  s i n g l e t .  On t h i s  b a s i s ,  t h e  o l e f i n i c  d o u b l e t  o f  d o u b l e t s  a t  6 
5 .1 1  was a s s i g n e d  t o  H - l .  F u r t h e r  c o r r o b o r a t i o n  of  i t s  o l e f i n i c  
c h a r a c t e r  was o b t a i n e d  by d o u b l e  i r r a d i a t i o n  o f  H - l ,  which c hanged  
t h e  6 1 . 9 - 2 . 1  r e g i o n  and s h a r p e n e d  t h e  b r o a d e n e d  o l e f i n i c  methyl  
group a t  6 1 .61  (H - 1 4 ) .
Based on t h e  above s p e c t r o s c o p i c  e v i d e n c e s ,  t h e  s t r u c t u r e  121 
was s u g g e s t e d  f o r  j a m a i c o l i d e  D. However i t  s h o u ld  be n o t e d ,  t h a t  an 
a l t e r n a t i v e  s t r u c t u r e  t h a t  would  f i t  a l l  t h e  above  ^H NMR d i s c u s s i o n  
would be t h e  one w i t h  an 9 , 1 0 - d o u b l e  bond and t h e  R‘ e s t e r  s i d e  c h a i n  
a t  C - l .  D r e i d i n g  model c o n s i d e r a t i o n ,  how ever ,  i n d i c a t e  t h a t  t h i s  
a l t e r n a t i v e  s t r u c t u r e  i s  more r i g i d  t h a n  121.  T h i s  would no t  be in  
a g re e m e n t  w i t h  t h e  b r o a d e n i n g  o f  t h e  *H NMR s p e c t r u m  o f  j a m a i c o l i d e  D 
a t  room t e m p e r a t u r e .  Fo r  t h e  same r e a s o n ,  t h e  p o s s i b i l i t y  o f  a 6 , 7 -  
l a c t o n i z e d  g e r m a c r a d i e n o l i d e  i s  a l s o  r e j e c t e d .
T a b l e  1 2 - 1 .  NMR s p e c t r a l  d a t a *  o f  compounds 117 ,  118 ,  119 and 121 i n  CDC1 oCCcDfr 1
/ s » v i ^  i \ ^ v r v  j  O O




• 5 . 6 3 E 5 . 3 4 ]  d
H- 2b
H- 3 5 . 9 9 [ 5 . 8 0 ]  d
H- 5 2 . 5 1 [ 2 . 4 2 ]  d
H- 6 4 .6 8 L 4 . 7 0 ]  dd
H- 7 3 . 6 3 [ 3 . 3 2 ]  m
H- 8 5 . 6 7 [ 5 . 4 5 3  m
H- 9a 3 . 2 3 [ 3 . 1 0 ]  dd
H- 9b 2 . 4 5 [ 2 . 3 1 ]  dd
H-13a 6 . 3 1 [ 6 - 2 1 ]  d
H- 13b 5 .6 5 E 5 . 2 3 ]  d
H-14a 5 . 6 4  s
[ 4 . 6 8 ]  b r
H-14b 5 .6 1  s
H—15 1 . 3 7 E 1 . 3 4 ]  s
OR 6 . 0 3 E 5 . 7 7 ]  t q
4 . 9 4 E 5 . 0 7 ]  b r  dd
1 . 8 5 [ 1 . 6 1 ]  s
OAc 2 . 0 7 [ 1 . 6 6 ]  s
NH -----
( 6 . 7 ) K 3 .6 0  b r
( 6 . 7 ) 3 .2 9  b r
( 1 1 . 0 ) 2 . 8 6  d
( 1 1 . 0 ; 9 . 2 ) 4 . 6 8  t
3 .7 7  dq
5 .6 5  d t
( 1 5 . 0 ; 4 . 0 ) 2 . 3 8  dd
( 1 5 . 0 ; 2 . 5 ) 1 .86  dd
( 3 . 5 ) 6 . 2 6  d
( 3 . 0 ) 5 .4 6  d
• 1 . 1 3  s
1 .58  s
( 5 . 8 ; 1 . 8 ) 6 . 0 2  t q
( 5 . 8 ; 1 . 8 ) 4 . 9 9  dq
( 1 . 8 ) 1 . 9 0  b r  d
2 .0 8  s
• 3 .7 6  b r
3 .3 7  bt
( 1 1 . 2 ) 2 . 3 5  d
( 1 1 , 2 ) 4 .7 1  t
( 1 1 . 2 ; 3 . 0 ) 3 . 3 9  dq
( 9 . 0 ; 3 . 0 ) 5 .7 0  d t
( 1 6 . 0 ; 9 . 0 ) 2 .8 1  dd
( 1 6 . 0 ; 3 . 0 ) 1 .99  dd
( 3 . 0 ) 6 . 4 2  d
( 3 . 0 ) 5 .5 2  d
5 .5 1  b r  s
1 .41  s
5 .1 2  b r  s
1 .57  s
( 6 . 0 ; 2 . 0 ) 6 . 0 6  t q
( 6 . 0 ; 2 . 0 ) 4 .9 9  dq
( 2 . 0 ) 1 .9 1  b r d
2 .0 8  s
8 . 5 3  s
4 .0 9  dd ( 1 1 . 0 ; 3 . 6 )
2 . 3 8  ddd ( 1 1 . 0 ; 1 1 . 0 ; 2 . 5 )
2 . 0 5 - 2 . 1 0 #
4 .51 dd ( 6 . 8 ; 2 . 5 )
5 .31 b r  dd ( 9 . 8 ; 1 . 8 )
6 .37 dd ( 9 . 8 ; 2 . 5 )
3 .1 3 m
5 .2 2 m
2 .9 2 dd ( 1 5 . 0 ; 7 . 5 )
2 .5 8 dd ( 1 5 . 0 ; 4 . Q )
6 . 3 4 d ( 2 . 5 )
5.77 d ( 2 . 0 )
1 .77  d ( 1 . 8 )
6 .1 1  qq ( 7 . 0 ; 1 .8 )
1 .96  dq ( 7 . 0 ; 1 . 8 )
1 .81  d ( 1 . 8 )
* S p e c t r a  were  run  a t  a m b i e n t  t e m p e r a t u r e  and TM5 was u sed  a s  i n t e r n a l  s t a n d a r d .  Chemical  s h i f t s  a r e  
r e c o r d e d  i n  ppm r e l a t i v e  t o  TMS. C o u p l i n g  c o n s t a n t s  ( J )  a r e  g i v e n  i n  p a r e n t h e s e s ,
^ O b s c u r e d  by o t h e r  s i g n a l s .
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Table 1 2 -2 .  *H NMR sp ec tra l  data* o f  ja m a ico l id e  D (1 21) .
CDCI3 , 2 1 X  CDCI3 , 6 7 °C C6D6 , 107°C
H- 1 5 .1 5 b r  d ( 9 . 0 ) 5 .1 7 dd ( 9 . 0 ; 4 . 5) 5 .1 1 dd ( 9 . 0 ; 4 . 5 )
H- 2 a , b 1 .90- • 2 .1 0 + 1 .8 5- - 2 .1 0 + 1.87- -2 .10
H- 3 4 . 3 8 b r 4 . 3 0 b r  t ( 7 . 5 ) 3 .8 5 b r t ( 7 . 5 )
H- 5a 2 .6 4 b r  + 2 .63 b r  d 2 .39 b r dd ( 1 6 . 0 ; 5 . 5 )
H- 5b 2 .0 5 -■2.20 1 .9 0 -■2.10 2 .0 1 b r dd ( 1 6 . 0 ; 1 0 . 0 )
H- 6 5 .9 2 b r 5.91 b r  m 5 .7 8 m
H- 7 3 .4 6 b r 3 . 3 8 b r 2 .9 2 m
H- 8 4 .9 9 t ( 9 . 5 ) 4 .9 7 t ( 9 . 5 ) 4 .8 7 t ( 9 . 5 )
H- 9 5 .4 6 d ( 9 . 5 ) 5 . 4 5 d ( 9 . 5 ) 5 .1 5 d ( 9 . 5 )
H-13a 6 .2 6 d ( 3 . 0 ) 6 .2 4 d ( 3 . 0 ) 6 .17 d ( 3 . 0 )
H-13b 5 .4 9 d ( 3 . 0 ) 5 . 4 8 d ( 3 . 0 ) 5 .2 3 d ( 3 . 0 )
H-14 1 .8 5 b r 1.87 b r 1.61 b r s
H-15a 5 .3 6 b r  s 5 . 3 4 b r  s 4 . 8 4 b r s
H-15b 4 .9 3 b r 4 .9 3 b r  s 4 .51 b r s
OAng 6 . 1 3 b r  q ( 7 . 0 ) 6 . 1 0 qq ( 7 . 0 ; 1 . 8 ) 5 .7 4 qq ( 7 . 0 ; 1 . 8 )
1 .97 dq ( 7 . 0 ; 1 . 8 ) 1 .95 dq ( 7 . 0 ; 1 . 8 ) 1 .85 dq ( 7 . 0 ; 1 .8 )
1 . 8 4 b r 1 .8 4 b r 1 .7 2 b r
OAc 2 .0 8 s 2 .0 6 s 1 .71 s
♦Chemical  s h i f t s  a r e  r e c o r d e d  i n  ppm r e l a t i v e  t o  TMS. F i g u r e s  i n  p a r e n t h e s e s  a r e  c o u p l i n g  
c o n s t a n t s  o r  l i n e  s e p a r a t i o n s  i n  Hz.
+0 b s c u r e d  by o t h e r  s i g n a l s .
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1 2 . 3  E x p e r i m e n t a l
1 2 . 3 . 1  I n s t r u m e n t a t i o n
U n le s s  o t h e r w i s e  s t a t e d ,  t h e  same i n s t r u m e n t s  and c o n d i t i o n s  
t h a t  were d e s c r i b e d  in  2 . 3 . 2  w e re  u s e d  f o r  t h e  c h a r a c t e r i z a t i o n  o f  
t h e  compounds d e s c r i b e d  i n  t h i s  c h a p t e r .
1 2 . 3 . 2  The i s o l a t i o n  and c h a r a c t e r i z a t i o n  o f  t h e  compounds from C a l e a  
j a m a i c e n s i s .
C a l e a  j a m a i c e n s i s  L.  was c o l l e c t e d  on 4 December ,  1979 i n  S t .  
Thomas P a r i s h ,  J a m a i c a ,  4 m i l e s  e a s t  o f  K in g s to n  on S t .  Thomas Road 
(L .  E. U r b a t s c h ,  No. 3401 ,  v o u c h e r  d e p o s i t e d  a t  L . S . U . ,  Ba ton Rouge,  
U . S . A . ) ,  and r e c o l l e c t e d  in  J a n u a r y  1984 ( J .  D. C o n n e l l y ,  S_. n_.) .
The a i r - d r i e d  p l a n t  m a t e r i a l  ( 1 . 4 8  Kg) was e x t r a c t e d  w i t h  
d i c h l o r o m e t h a n e  ( 3 : 1 )  p r o v i d i n g  5 0 .7  g o f  a gummy m a t e r i a l .
T r e a t m e n t  o f  20 g o f  t h i s  gummy r e s i d u e  w i t h  Pb ( O A c ^  by t h e  
p r o c e d u r e  d e s c r i b e d  e a r l i e r ,  y i e l d e d  6 . 4  g o f  t h e  c r u d e  t e r p e n o i d  
e x t r a c t .  Column c h ro m a to g r a p h y  o f  t h e  c r u d e  s y r u p  on s i l i c a  gel  w i th  
ch io ro fo rm -M e 2C 0  m i x t u r e s  o f  i n c r e a s i n g  p o l a r i t y  y i e l d e d  95 f r a c t i o n s  
o f  175 ml e a c h .
F r a c t i o n s  1-2 (90 mg) were  p u r i f i e d  by p r e p .  TLC on s i l i c a  gel  
w i t h  E t 2 0 - h e x a n e  ( 1 : 1 ) ,  and  gave 31 mg o f  p r u n i c h r o m e n e  B ( 9 5 ) .  
F r a c t i o n s  3 -5  (190  mg) y i e l d e d  140 mg o f  0 - m e t h y l a c a c e t i n  (64 )  a s  a 
y e l l o w  c r y s t a l l i n e  m a t e r i a l  upon e v a p o r a t i o n  o f  t h e  s o l v e n t ,  w h i l e  
f r a c t i o n s  15 -18  (102 mg) gave 96 mg o f  a c a c e t i n  (9 8 )  a s  a y e l l o w i s h  
powder  by t h e  same p r o c e s s .  F r a c t i o n s  1 9 -2 0  (52 mg) were  p u r i f i e d  by 
r e p e t i t i v e  p r e p .  TLC on s i l i c a  ge l  w i t h  C H C l g - f ^ C O  ( 9 : 1 )  t o  g i v e  17
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mg o f  j a m a i c o l i d e  D ( 1 2 1 ) .  F r a c t i o n  23 (38  mg) was r e c h r o m a t o g r a p h e d  
on s i l i c a  gel w i t h  C H C ^ - F ^ C O  ( 9 : 1 )  y i e l d i n g  9 mg o f  j a m a i c o l i d e  B 
( 1 1 8 ) .  F r a c t i o n s  31 -40  (380 mg) p r o v i d e d  41 mg o f  j a m a i c o l i d e  C 
( 1 2 0 ) .  F i n a l l y ,  f r a c t i o n s  4 1 -6 0  (710 mg) y i e l d e d  63 mg o f  
j a m a i c o l i d e  A (117)  a f t e r  r e p e t i v e  p u r i f i c a t i o n s  by p r e p .  TLC on 
s i l i c a  gel  w i t h  CHClg-Me^O ( 8 5 : 1 5 ) .
J a m a i c o l i d e  A ( 1 1 7 ) .  C22H2g0g ,  9um’ ^  * max^ nm: enc* 
a b s o r p t i o n ;  IR v j ^ 1 3 cm- 1 : 3360 ( b r ,  OH), 1755 ( y - l a c t o n e ) ,  1730 
( s a t u r a t e d  e s t e r ) ,  1710 ( u n s a t u r a t e d  e s t e r ) ,  1645 ( d o u b l e  b o n d ) ;  EIMS 
( p r o b e )  m/z_ ( r e l . i n t . ) :  403 [M-Me]+ ( 5 . 6 ) ,  376 CM-CH2C O ( 0 . 3 ) ,  358 
[M-H0Ac]+ ( 0 . 6 ) ,  343 [M-H0Ac-Me]+ ( 6 . 3 ) ,  260 [M-A]+ , ( 5 . 5 ) ,  245 [M-A- 
Me]+ ( 6 . 5 ) ,  243 [M-A-0H]+ ( 1 8 . 4 ) ,  242 [M-A-H20 ] + ( 2 8 . 8 ) ,  227 [M-A-Me- 
H20 ] + ( 8 . 1 ) ,  225 [M-A-H20 - 0 H ] + ( 8 . 1 ) ,  224 [M-A-2H20 ] + ( 1 3 . 6 ) ,  99 
[A-A3 ] + ( 1 0 0 . 0 ) ,  82 [A1-A3 ] + ( 4 2 . 8 ) ,  43 [A4 ] + ( 3 8 . 1 ) .
J a m a i c o l i d e  B ( 1 1 8 ) .  C22H2g0g ,  gum; UV X nm: end
a b s o r p t i o n ;  IR v ^HCl^ cm” *: 3490 ( b r ,  OH), 1760 ( y - l a c t o n e ) ,  1740 
max
( a c e t a t e ) ,  1705 ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b le  b o n d ) ;  EIMS ( p r o b e )  
m/z_ ( r e l . i n t . ) :  392 [M-CH2C 0 ] + ( 0 . 3 ) ,  375 [M-0Ac]+ ( 0 . 1 ) ,  293 [M- 
A1 ]*  ( 0 . 1 ) ,  276 [M-A]+ ( 0 . 2 ) ,  259 [M-A-0H]+ ( 0 . 9 ) ,  258 [M-A-H20 ] +
( 0 . 2 ) ,  231 [M-A-0H-C0]+ ( 0 . 7 ) ,  230 [M-A-H20 - C 0 ] + ( 0 . 3 ) ,  111
[ c 6H70 2 ] + ( 1 0 0 . 0 ) ,  99 [A-A3 ] + ( 2 0 . 8 ) ,  82 [A1-A3 ] + ( 9 . 7 ) ,  43 [A4 ] +
( 1 1 . 5 ) .
J a m a i c o l i d e  C ( 1 2 0 ) .  C2QH2g0g ,  gum; UV X nm: end 
a b s o r p t i o n ;  IR v 3 cm- *: 3500 (OH), 3405 (OH), 1755 ( y - l a c t o n e ) ,
1710  ( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b l e  b o n d ) ;  EIMS ( p r o b e )  _m/z_ ( r e l . 
i n t . ) :  344 [M-H20 ] + ( 0 . 3 ) ,  263 [M-B1 ] + ( 2 . 5 ) ,  262 [M-B]+ ( 1 . 2 ) ,  245 
[M-B1-H20 ] + ( 1 . 8 ) ,  244 [M-B-H20 ] + ( 2 . 1 ) ,  227 [M-B-H20 - 0 H ] + ( 2 . 3 ) ,  226
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[M-B-2H20 ] + ( 1 . 1 ) ,  217 [M-B1-H20 - C 0 ] + ( 3 . 2 ) ,  216 [M-B-H20 - C 0 ] + ( 2 . 9 ) ,
199 [M-B-H20 - 0 H ] + ( 4 . 4 ) ,  198 [M-B-2H20 - C 0 ] + ( 1 . 4 ) ,  83 [B2 ] + ( 1 0 0 . 0 ) ,
55 [B3 ] + ( 1 9 . 8 ) .
J a m a i c o l i d e  D ( 1 2 1 ) .  C22H2g0y,  gum; UV x nm: end 
a b s o r p t i o n ;  IR v ^ ] 3 cm"1 : 3480 ( b r ,  OH), 1765 ( y - l a c t o n e ) ,  1715 
( u n s a t u r a t e d  e s t e r ) ,  1650 ( d o u b le  b o n d s ) ;  EIMS ( p r o b e ) m/z_ ( r e l . 
i n t . ) :  362 [M-CH2C 0 ] + ( 0 . 3 ) ,  344 [M-H0Ac]+ ( 0 . 2 ) ,  304 [M-B]+ ( 0 . 2 ) ,
286 [M-B-H20 ] + ( 0 . 1 ) ,  262 [M-CH2C0-B]+ ( 0 . 7 ) ,  244 [M-H0Ac-B]+ ( 1 . 8 ) ,
216 [M-H0Ac-B-C0]+ ( 1 . 2 ) ,  83 [B2 ] + ( 1 0 0 . 0 ) ,  55 [B3 ] + ( 5 6 . 9 ) ,  43 [Ac]+
( 5 4 . 0 ) .
Chapter 13
BIOCHEMICAL SYSTEMATICS OF THE GENUS CALEA
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1 3 .1  I n t r o d u c t i o n
S y s t e m a t i c s  i s  t h e  s t u d y  o f  t h e  d i v e r s i t y  o f  o r g a n i s m s  and t h e  
r e l a t i o n s h i p s  among th e m .  C l a s s i f i c a t i o n ,  one  a s p e c t  o f  s y s t e m a t i c s ,  
i s  t h e  p r o c e s s  o f  a r r a n g i n g  p l a n t s  i n t o  g r o u p s  ( t a x a )  t h a t  r e f l e c t  
r e l a t i o n s h i p s .  P hy loge ny  r e f e r s  t o  t h e  r e l a t i o n s h i p s  among t a x a  t h a t  
r e f l e c t  e v o l u t i o n a r y  l i n e a g e s .  W h e re a s ,  t h e  r e l a t i o n s h i p  be tw een  
p l a n t s  i n  t e r m s  o f  some s h a r e d  f e a t u r e ,  r e g a r d l e s s  o f  t h e  r e a s o n s  o f  
t h e  s h a r i n g ,  i s  d e s c r i b e d  as  p h e n e t i c .  D i s t i n c t i o n s  be tw een  
p h e n e t i c ,  p h y l o g e n e t i c  and  n a t u r a l  c l a s s i f i c a t i o n s  a r e  f u l l y  
i l l u s t r a t e d  i n  t h e  l i t e r a t u r e . ^ 5^  The goa l  o f  modern s y s t e m a t i c s  
i s  t o  d e v e lo p  a p h y l o g e n e t i c  scheme o f  c l a s s i f i c a t i o n .
T r a d i t i o n a l l y ,  m orphology  has  been  t h e  m a j o r  s o u r c e  o f  i n f o r m a t i o n  on 
which t h e  c l a s s i f i c a t i o n  schemes a r e  b a s e d .  However d a t a  f rom many 
o t h e r  f i e l d s  o f  s t u d y ,  i n c l u d i n g  a n a to m y ,  c y t o l o g y ,  e c o l o g y ,  and 
g e n e t i c s  have  p r o v e d  v e r y  i m p o r t a n t .
Chemotaxonomy o r  b i o c h e m i c a l  s y s t e m a t i c s  i n c o r p o r a t e s  t h e  u se  o f  
c h e m i c a l  e v i d e n c e  f o r  c l a s s i f i c a t o r y  p u r p o s e s ,  and r e p r e s e n t s  a
QO
r e c e n t  e x t e n s i o n  o f  t h e  more t r a d i t i o n a l  s o u r c e s  o f  i n f o r m a t i o n .
The r e s u l t s  o f  i n v e s t i g a t i n g  c h e m ica l  v a r i a t i o n  in  p l a n t  t a x a  a r e  
i m p o r t a n t  i n  p r o v i d i n g  c h a r a c t e r s  t o  add t o  knowledge  o f  p h y lo g e n y  o r  
e v o l u t i o n a r y  r e l a t i o n s h i p s ,  w h ich  may n e c e s s i t a t e  change  i n  e x i s t i n g  
p l a n t  c l a s s i f i c a t i o n s .
L i v i n g  o r g a n i s m s  a r e  u n i q u e  i n  h a v in g  a g r e a t  amount  o f  
i n f o r m a t i o n  o f  t h e i r  p a s t  h i s t o r y  i n s c r i b e d  a t  any l e v e l  o f  t h e i r  
o r g a n i z a t i o n .  Each s u c c e s s i v e  l e v e l  o f  o r g a n i z a t i o n  i s  a new 
t r a n s l a t i o n  o f  t h e  b a s i c  m o l e c u l a r  m e s s a g e .  And a l t h o u g h  e a c h  l e v e l  
i s  i m p o r t a n t  f o r  c l a s s i f i c a t i o n  o f  o r g a n i s m s ,  t h e  m o l e c u l e s  a r e
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c o n s i d e r e d  as  documents  o f  e v o l u t i o n a r y  h i s t o r y .
Chemical  d a t a  a r e  b e i n g  u se d  e i t h e r  by r e c o r d i n g  t h e  p r e s e n c e  o r
a b s e n c e  o f  v a r i o u s  compounds in  d i f f e r e n t  t a x a ,  o r  by com par ing
s t r u c t u r a l  f e a t u r e s  and b i o g e n e t i c  pa th w ays  o f  a common compound o r
c h e m i c a l l y  r e l a t e d  compound.  The two l a r g e  c l a s s e s  o f  compounds
which a r e  b e i n g  u se d  f o r  e v o l u t i o n a r y  and  s y s t e m a t i c  p u r p o s e s
c o m p r i s e  m a c r o m o l e c u l a r  c o n s t i t u e n t s  such  as  n u c l e i c  a c i d s  and
p r o t e i n s ,  and s e c o n d a r y  m e t a b o l i t e s  such  as t e r p e n e s ,  f l a v o n o i d s ,
a l k a l o i d s ,  amino a c i d s ,  e t c .  T h e s e  two g roups  o f  compounds i n v o l v e
b a s i c a l l y  d i f f e r e n t  a p p r o a c h e s  and  a p p e a r  t o  be u s e f u l  in  d i f f e r e n t
manners  a s  i t  has  been d i s c u s s e d  in  t h e  l i t e r a t u r e .
S i n c e  t h e  b i o g e n e s i s  o f  s e c o n d a r y  m e t a b o l i t e s  i s  e n z y m a t i c a l l y
c o n t r o l l e d ,  i t  i s  t o  be e x p e c t e d  t h a t  r e l a t e d  p l a n t s  s h o u l d  e l a b o r a t e
s i m i l a r  s e c o n d a r y  m e t a b o l i t e s ,  b e c a u s e  m a j o r  d i f f e r e n c e s  in  t h e
s t r u c t u r a l  t y p e s  o f  s e c o n d a r y  c o n s t i t u e n t s  would r e q u i r e  m a jo r
c h a n g e s  i n  t h e  e n z y m a t i c  s y s t e m  o f  t h e  p l a n t .  However,  i t  has  long
been known from a c he m ica l  p o i n t  o f  view t h a t  t h e  same m e t a b o l i t e s
c o u l d  have  a r i s e n  as  a r e s u l t  o f  a ve ry  d i f f e r e n t  b i o s y n t h e s i s  ba s ed
on t h e  e f f e c t  o f  s p e c i f i c  e n z y m a t i c  s y s t e m s .  Thus t h e  p r e s e n c e  of
t h e  same s u b s t a n c e  i n  v a r i o u s  p l a n t s  may have a q u i t e  d i f f e r e n t
1 0?b i o l o g i c a l  m e a n in g .  The knowledge  o f  a b i o s y n t h e t i c  pa thway
s h o u l d  t h e r e f o r e  be c o n s i d e r e d  more i m p o r t a n t  t h a n  t h e  mere knowledge
o f  t h e  s p e c i f i c  s t r u c t u r e  o f  a compound d u r i n g  a b i o c h e m ic a l
s y s t e m a t i c  i n v e s t i g a t i o n .
S e s q u i t e r p e n e  l a c t o n e s  have been r e c o g n i z e d  as  ve ry  v a l u a b l e
s y s t e m a t i c  m a r k e r s ,  e s p e c i a l l y  f o r  e s t a b l i s h i n g  r e l a t i o n s h i p s  be tween
1 1 P>C o m p o s i t a e  t r i b e s .  » As shown in  Scheme 1 - 2 ,  t h e  v a r i o u s  t y p e s  of
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s e s q u i t e r p e n e  l a c t o n e s  can be a r r a n g e d  in  what  m igh t  be c a l l e d  
i n c r e a s i n g  b i o g e n e t i c  c o m p l e x i t y .  Such a scheme i s  u s e f u l  t o  show 
r e l a t i o n s h i p s  among t h e  p l a n t s  a s  w e l l  f o r  s y s t e m a t i z i n g  t h e
I O
a p p r o x i m a t e l y  1300 s e s q u i t e r p e n e  l a c t o n e s  which a r e  known.  The 
g e r m a c r a n o l i d e s  r e p r e s e n t  t h e  most  p r i m i t i v e  s t a g e  o r  s t a g e  I .
E l e m a n o l i d e s ,  e u d e s m a n o l i d e s  and g u a i a n o l i d e s  r e p r e s e n t  s t a g e  I I .
Methyl  group m i g r a t i o n s  which l e a d  t o  e r e m o p h i l a n o l i d e s  and 
p s e u d o g u a i a n o l i d e s  and r i n g  c l e a v a g e  o f  s t a g e  I I  compounds g i v e  r i s e  
t o  s t a g e  I I I  compounds .  F u r t h e r  b i o m o d i f i c a t i o n s  o f  t h e s e  compounds 
l e a d s  t o  s t a g e  IV compounds ,  r e p r e s e n t e d  by b a k k e n o l i d e s  and s e c o -  
p s e u d o g u a i  a n o l i  d e s .
13-2  B io c h e m i c a l  S y s t e m a t i c s  o f  t h e  Genus C a l e a .
The genus  C a l e a  (F a m i ly  C o m p o s i t a e ,  T r i b e  H e l i a n t h e a e )  c o m p r i s e s  
103a b o u t  80 s p e c i e s  w h ic h  o c c u r  i n  t h e  New World a t  t r o p i c a l  
l a t i t u d e s .  Most s p e c i e s  i n  t h e  genus  a r e  s h r u b s ,  b u t  h e r b a c e o u s  
p e r e n n i a l s ,  v i n e s ,  and s m a l l  t r e e s  a r e  a l s o  r e p r e s e n t e d  i n  i t .  T h i s  
l a r g e ,  d i v e r s e  genus  has  been l i t t l e  s t u d i e d  by t a x o n o m i s t s  and no 
modern s y n o p s i s  f o r  C a l e a  i s  p r e s e n t l y  a v a i l a b l e .  M o re o v e r ,  t h e  
p l a c e m e n t  o f  t h e  genus  w i t h i n  t h e  s u b t r i b e  G a l i n s o g i n a e  has  been a 
m a t t e r  o f  d e b a t e .
A t o t a l  o f  14 t a x a  from C e n t r a l  and n o r t h e r n  Sou th  America  were  
i n v e s t i g a t e d  c h e m i c a l l y  and r e s u l t e d  i n  t h e  i s o l a t i o n  o f  83 
compounds ,  f rom which  38 had no t  been i s o l a t e d  b e f o r e  as  n a t u r a l  
p r o d u c t s .  The i s o l a t e d  compounds i n c l u d e  a d i o x i n  d e r i v a t i v e ,  3 
b e n z o f u r a n e s ,  5 c h r o m e n e s ,  12 f l a v o n e s ,  and 62 s e s q u i t e r p e n e  
l a c t o n e s .  Most o f  t h e  i s o l a t e d  compounds were  o f  chemotaxonom ic
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s i g n i f i c a n c e  s i n c e  t h e y  were  no t  s i m p l e  d e r i v a t i v e s  o f  e a ch  o t h e r ,  
bu t  r a t h e r  r e l a t e d  i n  an i n d i r e c t  way.
A l th o u g h  t a x o n o m ic  c o n c l u s i o n s  ba s ed  on a few c o l l e c t i o n s  may be 
m e a n i n g l e s s  b e c a u s e  t h e  c o l l e c t i o n s  may n o t  be r e p r e s e n t a t i v e  o f  t h e  
t a x a ,  t h e  c he m ica l  d a t a  o b t a i n e d  h e r e  c l e a r l y  show t h a t  ( a )  t h e r e  a r e  
many p o i n t s  o f  s i m i l a r i t y  w i t h i n  t h e  genus C a le a  t a k e n  a s  a whole  and 
(b )  t h e  r e s u l t s  s u g g e s t  a f f i n i t i e s  t h a t  a r e  somewhat  d i f f e r e n t  f rom 
t h o s e  p r o p o s e d  on t h e  b a s i s  o f  m o r p h o l o g i c a l  g r o u n d s .
AH t h e  C a le a  s p e c i e s  i n v e s t i g a t e d  i n  t h i s  work c o n t a i n e d  
s e s q u i t e r p e n e  l a c t o n e s  and most  o f  t h e  compounds o c c u r r e d  in  more 
t h a n  one s p e c i e s .  The g e n e r a l  f o r m u l a e  f o r  t h e  new s e s q u i t e r p e n e  
l a c t o n e s  i s o l a t e d  h e r e  a r e  shown i n  F i g u r e  1 3 - 1 ,  w h i l e  t h e  l a c t o n e s  
i s o l a t e d  i n  p r e v i o u s  works  were  p r e s e n t e d  i n  F i g u r e  1 - 3 .
P r e v i o u s  t o  t h e  p r e s e n t  s t u d y  (T a b le  1 - 2 ) ,  c h e m ica l  
i n v e s t i g a t i o n s  o f  22 s p e c i e s  o f  C a l e a , have  shown t h a t  
f u r a n o h e l i a n g o l i d e s  and r e l a t e d  g e r m a c r a n o l i d e s  were  t h e  t y p i c a l  
s e s q u i t e r p e n e  l a c t o n e s  f o r  t h e  genus C a l e a . The o n l y  e x c e p t i o n s  were  
C. c u n e i f o l i a ^ , C. i n t e g r i f o l i a * ^ ,  C. r e t i c u l a t a * ^ ,  and  C. s c a b r a ^  
which  d i d  no t  c o n t a i n  l a c t o n e s ,  and C. r o t u n d i f o l i a ^  and C.
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s z y s z l o w i c z i i  which  a f f o r d e d  e u d e s m a n o l i d e s .  These  f i n d i n g s ,
t o g e t h e r  w i t h  m o r p h o l o g i c a l  and k a r y o l o g i c a l  d a t a ,  w ere  t h e  b a s i s  f o r
t r a n s f e r r i n g  C a le a  f rom t h e  s u b t r i b e  G a l i n s o g i n e a  t o  t h e  s u b t r i b e  
1 PN e u r o l a e n i n a e ,  w h i l e  t h e  r e m a i n d e r  r e e s t a b l i s h e d  as  t h e  genus  
A l l o i s o s p e r m u m  s h o u l d  be r e t a i n e d  i n  t h e  G a l i n s o g i n a e . ^  
F u r a n o h e l i a n g o l i d e s  and r e l a t e d  g e r m a c r a n o l i d e s ,  ho w e v e r ,  have  a l s o  
been  found  i n  s e v e r a l  o t h e r  g e n e r a ,  which  b e lo n g  t o  t h e  s u b t r i b e  
H e l i a n t h i n e a  (H e l i a n t h u s ,  T i t h o n i a , Z e x m en ia , Vi g u i e r a ,  E r i o p h y l l u m ,
240
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F i g u r e  1 3 - 1 .  S e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  f rom C a l e a  s p e c i e s .  
( C o n t i n u e d ) .
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P o d a n t h u s ,  B a h i a , and L e p t o c a r p h a ) ,  and t h e  t r i b e s  E u p a t o r i e a e  
( E u p a t o r i u m ,  L i a t r i s ,  T r i c h o g o n i a ,  and H a r t w r i g h t i a )  and V e r n o n ie a e  
( E r e m a n t h u s , C h r e s t a , P i p t o l e p i s , A1 c a n t a r a ,  and L y c h n o p h o r a ) .
Our c h e m ica l  d a t a ,  which  a r e  t h e  r e s u l t  o f  t h e  c h e m ica l  a n a l y s i s  
o f  14 Ca lea  s p e c i e s ,  show t h a t  t h e  g u a i a n o l i d e s  a r e  as common 
c o n s t i t u e n t s  o f  C a le a  as  t h e  h e l i a n g o l i d e s ,  w h i l e  t h e  f u r a n o ­
h e l i a n g o l i d e s  and r e l a t e d  t y p i c a l  l a c t o n e s  were r e s t r i c t e d  t o  o n ly  5 
o f  t h e  s p e c i e s  i n v e s t i g a t e d .  T a b le  13-1 shows t h e  d i s t r i b u t i o n  of  
s e c o n d a r y  m e t a b o l i t e s  in  t h e  C a l e a  s p e c i e s  s t u d i e d ,  and T a b le  13-2  
g i v e s  t h e  s k e l e t a l  t y p e s  o f  t h e  s e s q u i t e r p e n e  l a c t o n e s  i n  e a c h  o f  t h e  
i n v e s t i g a t e d  s p e c i e s .  The 62 i s o l a t e d  s e s q u i t e r p e n e  l a c t o n e s  were 
r e p r e s e n t e d  by 19 h e l i a n g o l i d e s ,  18 g u a i a n o l i d e s ,  15 e u d e s m a n o l i d e s ,  
and 10 g e r m a c r a n o l i d e s .  The d i f f e r e n t  l a c t o n e s  found  in  each  o f  t h e  
s p e c i e s  i n v e s t i g a t e d  a r e  i l l u s t r a t e d  i n  T a b le  1 3 - 3 .
S i n c e  C. j a m a i c e n s i s  r e p r e s e n t s  t h e  t y p e  s p e c i e s  f o r  t h e  genus  
C a l e a ,  t h e  b i o c h e m i c a l  s y s t e m a t i c  d i s c u s s i o n s  t h a t  f o l l o w s  a r e  b a s e d  
on i t s  s e c o n d a r y  m e t a b o l i t e s  c h e m i s t r y .  Chemica l  a n a l y s i s  o f  C. 
j a m a i c e n s i s  a f f o r d e d  a chromene  ( 9 5 ) ,  2 f l a v o n e s  (64 and 9 8 ) ,  and 4 
s e s q u i t e r p e n e  l a c t o n e s ,  which were  r e p r e s e n t e d  by two g u a i a n o l i d e s  
(117 and 1 1 8 ) ,  a h y d r o x y h e l i a n g i n e  d e r i v a t i v e  ( 1 2 0 ) ,  and a 
g e r m a c r a n o l i d e  ( 1 2 1 ) .  F u r a n o h e l i a n g o l i d e s  and t h e  r e l a t e d  
g e r m a c r a n o l i d e s ,  which were  t h e  t y p i c a l  s e s q u i t e r p e n e  l a c t o n e s  i n  t h e  
C a l e a  s p e c i e s  i n v e s t i g a t e d  p r e v i o u s  t o  t h e  p r e s e n t  work ,  were  no t  
d e t e c t e d  in  C. j a m a i c e n s i s . The h y d r o x y h e l i a n g i n e  d e r i v a t i v e  and t h e  
g u a i a n o l i d e s ,  which i n  F i g u r e  13-1  a r e  r e p r e s e n t e d  by t h e  g e n e r a l  
f o r m u l a e  122,  136 and 138,  r e s p e c t i v e l y ,  were  u s e d  as  chemotaxonomic
c h a r a c t e r s  s i n c e  t h e y  were  p r e s e n t  i n  s e v e r a l  o f  t h e  s p e c i e s
Table 13>1. D i s t r i b u t i o n  o f  secondary m e ta b o l i t e s  in Calea s p e c i e s -
Sesquiterpene
Species Locality lac tones  Chromenes Flavonoids Others
C. berteriana DC. Venezuela, Savanna + - + -
C. berteriana DC. Venezuela, Sta.  Merida + - - +a,b
C. d ivar icata  Benthem Venezuela, Bolivar + - + -
C. jamaicensis  L. Jamaica, St .  Thomas + + + -
C. leptocephala Blake Mexico, Michoacan + - - -
C. megacephala Rob. & Greenm. Mexico, Chiapas + - -
C. o l i v e r i i  Rob. & Greenm. Venezuela,  Savanna + - + -
C. prun ifo l ia  Kunth Venezuela, Portuguesa + + - -
C. prun ifo l ia  Kunth Panama, Panama City + + + -
C. prun ifo l ia  Kunth Costa Rica, Cartago + - - +a
C. septupl inerv ia  Hieron. Venezuela, La Mucuy + - + -
C. so lidaginea  Kunth Venezuela,  Salom + - + -
C. subcordata Blake Venezuela, Tachira + - - -
C. trichotoma B. Smith Mexico, Chiapas + - + -
(a) Benzofuranes; (b) 1,4-Dioxin d e r iv a t iv e s . 244
Table 13-2. Skeleta l  types of sesqui terpene lac tones  in the inv es t ig a ted  Calea spec ies .
Species Local ity FH HE GE EU GU
C. berteriana DC. Venezuela, Savanna - + + - -
C. berteriana DC. Venezuela, Sta.  Merida - + + - +
C. d ivar icata  Benthem Venezuela, Bolivar + + + - -
C. jamaicensis  L. Jamaica, S t .  Thomas - + + - +
C. leptocephala  Blake Mexico, Michoacan + + + - +
C. megacephala Rob. & Greenm. Mexico, Chiapas - + + - -
C. o l i v e r i i  Rob. & Greenm. Venezuela, Savanna + - - - -
C. p run ifo l ia  Kunth Venezuela,  Portuguesa - - - - +
C. p run ifo l ia  Kunth Panama, Panama City - + - - +
C. p ru n ifo l ia  Kunth Costa Rica, Cartago - - - + -
C. septup l inerv ia  Hiercn. Venezuela, La Mucuy - - - + -
C. so lidaginea  Kunth Venezuela, Salom - + - - +
C. subcordata Blake Venezuela, Tachira - - + + +
C. trichotoma B. Smith Mexico, Chiapas - + + + -
PH: furanohel iangol ides;  HE: 
GU: guaianol ides .
h e l ian go l id es ;  GE: germacrolides; EU: eudesmanolides;
Table 13-3. Sesquiterpene lactones in the Calea species investigated .
& & & & ® ® %i ® m m m m w m m m m m m m w m
C. b e r te r ia n a  DC. + .  -  .  + - -  -  - -  -  .  .  + +
C. d iv a r ic a ta  Benthem - +
C. jam aicensis L. .
C. lep tocephala B1 ake
C. megacephala Rob. & Greenm. -  -  + -
C. o l iv e r i i  Rob. & Greenm.
C. pruni fo l ia  Kunth + - - -  -  - -  .  -  -  -  - .  + +
C. se p tu p lin e rv ia  Hieron. -  - - .  .  - -  .  .  -  _ .  +
C. soU daginea Kunth .  .  - .  .  _ .  .  .  .  + +
C. subcordata B1 ake .  .  .  _ + _ .  .  + + + .  + +
C. trichotom a B. Smith .  + _ - -  .  -  + + +
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i n v e s t i g a t e d ,  and b e c a u s e  i t s  p r e s e n c e  o u t s i d e  t h e  genus  i s  ve ry  
uncommon. The p o s s i b l e  b i o g e n e t i c  pa thway f o r  t h e  h e l i a n g o l i d e  122,  
a s  w e l l  as  i t s  r e l a t i o n s h i p s  w i t h  f u r a n o h e l i a n g o l i d e s  i s  shown in  
Scheme 1 3 - 1 .  The b i o g e n e t i c  r e l a t i o n s h i p s  o f  t h e  g u a i a n o l i d e s  136 
and 138 and t h e i r  p o s s i b l e  b i o g e n e t i c  pa thw ays  a r e  p r e s e n t e d  in  
Scheme 1 3 -5 .
C a l e a  s o l i d a g i n e a  shows a v e ry  c l o s e  c he m ica l  s i m i l a r i t y  t o  C. 
j a m a i c e n s i s  by i t s  c o n t e n t  o f  t h e  h y d r o x y h e l i a n g i n e  d e r i v a t i v e  122 
and t h e  g u a i a n o l i d e s  136 and 138.  Of s p e c i a l  s i g n i f i c a n c e  i s  t h e  
p r e s e n c e  o f  t h e  e p o x y - g u a i a n o l i d e  138,  s i n c e  i t s  p r e s e n c e  has  no t  
been  d e t e c t e d  i n  any o t h e r  C a l e a  s p e c i e s .  The o t h e r  g u a i a n o l i d e s  
i s o l a t e d  f rom C. s o l i d a g i n e a  a r e  c l o s e l y  r e l a t e d  t o  t h e  g u a i a n o l i d e s  
f rom C. j a m a i c e n s i s  as  i t  can be s e en  from Scheme 1 3 - 5 .
The two s p e c i e s  C. b e r t e r i a n a  and C. p r u n i f o l i a  f rom V e ne z ue la  
and Panama, showed a l s o  a c l o s e  c hem ica l  s i m i l a r i t y  t o  C. 
j a m a i c e n s i s .  These  p l a n t s  w e re  c h a r a c t e r i z e d  by t h e  p r e s e n c e  o f  t h e  
h e l i a n g o l i d e  122 and t h e  g u a i a n o l i d e s  135 and 136,  w h ich  were  a l s o
** rs.r>. rs.fs.rs. rs.rsrs.
p r e s e n t  i n  C. s o l i d a g i n e a . T h e s e  compounds,  o f  which o n e ,  two o r  
t h r e e  c o u l d  be found  in  a g i v e n  s p e c i m e n ,  a r e  no t  found  t h r o u g h o u t  
t h e  g e n u s ,  and a r e  d i s t i n c t i v e  o f  t h e  t a x a  m e n t i o n e d .  From t h e s e  
c h e m ic a l  r e s u l t s ,  we s u g g e s t  t h a t  C. j a m a i c e n c i s ,  C. s o l i d a g i n e a ,  C. 
b e r t e r i a n a  and  C. p r u n i f o l i a  fo rm  a c l o s e l y  a l l i e d  g r o u p .  The 
i n c r e a s e d  s t r u c t u r a l  c o m p l e x i t y  of  t h e  e p o x y - g u a i a n o l i d e s  (138 )  w i t h  
r e s p e c t  t o  t h e  g u a i a n o l i d e s  135 and 136 and t h e  p r e s e n c e  o f  t h e  
f o r m e r  o n ly  in  C. j a m a i c e n s i s  and C. s o l i d a g i n e a , may r e f l e c t  a 
h i g h e r  e v o l v e d  s t a t e  o f  t h e s e  s p e c i e s  in  c o m p a r i s o n  t o  C. b e r t e r i a n a  
and C. p r u n i f o l i a .
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C a l e a  t r i c h o t o m a , f rom which we i s o l a t e d  9 e u d e s m a n o l i d e s , an 
un u s u a l  h e l i a n g o l i d e  ( 1 2 3 ) ,  and t h e  t y p i c a l  g e r m a c r a n o l i d e  c a l e i n  A 
(65)  b e a r s  l i t t l e  c h e m ic a l  r e s e m b l a n c e  t o  C. j a m a i c e n s i s .  The on ly  
che m ica l  r e l a t i o n s h i p  seems t o  be t h r o u g h  t h e  p r e s e n c e  o f  t h e  
h e l i a n g o l i d e  123 and c a l e i n  A ( 6 5 ) ,  which from Scheme 13-1 can be 
s e e n  t o  be c h e m i c a l l y  r e l a t e d  t o  t h e  h y d r o x y h e l i a n g i n e  
d e r i v a t i v e  122 from C. j a m a i c e n s i s .  I t  s h o u l d  be n o t e d  t h a t
—  immrnm n. ■    .  .1
compound 123 r e p r e s e n t s  o n l y  t h e  t h i r d  l ( 1 0 ) - t r a n s , 2 - c i s , 4 - c i s -
g e r m a c r a t r i e n e  so f a r  i s o l a t e d  from t h e  P l a n t  Kingdom and t h e  o n ly
one from t h e  genus C a l e a . P o s s i b l e  b i o g e n e t i c  r e l a t i o n s h i p s  o f  t h e
e u d e s m a n o l i d e s  i s o l a t e d  from C. t r i c h o t o m a  a r e  shown in  Scheme
1 3 - 2 .  On t h e  b a s i s  o f  t h e  e u d e s m a n o l i d e  c o n t e n t ,  C. t r i c h o t o m a
a p p e a r s  t o  be more c l o s e l y  r e l a t e d  t o  C. r o t u n d i f o l i a ^  t h a n  t o  t h e
o n
t y p i c a l  s p e c i e s  r e p r e s e n t e d  by C. t e r n i f o l i a .
Chemica l  a n a l y s i s  o f  C. s u b c o r d a t a  y i e l d e d  a v e r y  u n usua l  
g e r m a c r o l i d e  ( 1 2 7 ) ,  3 g u a i a n o l i d e s  and 3 e u d e s m a n o l i d e s .  I t s  
che m ic a l  r e l a t i o n s h i p  t o  C. j a m a i c e n s i s  c o u l d  be s e en  t h r o u g h  t h e  
p r e s e n c e  o f  t h e  g u a i a n o l i d e s  135 and 136,  which seem t o  be common 
g u a i a n o l i d e s  i n  C a le a  s p e c i e s  i n v e s t i g a t e d  so f a r ,  bu t  t h e  
s i m u l t a n e o u s  p r e s e n c e  of  e u d e s m a n o l i d e s  1 3 1 , 1 3 2 , and 133 ,  t o g e t h e r
1 rs .rs .rv . rs. rv rs . r s r s r s
w i t h  t h e  p r e s e n c e  o f  s u b c o r d a t o l i d e  D ( 1 2 7 ) ,  s u g g e s t  t h e  p r e s e n c e  of  
a d d i t i o n a l  e n z y m a t i c  s y s t e m s  in  C. s u b c o r d a t a .  B i o g e n e t i c  pa thw ays  
f o r  t h e  compounds i s o l a t e d  from C. s u b c o r d a t a  a r e  p r e s e n t e d  i n  
Schemes 13-2  t h r o u g h  1 3 - 5 .  The p r e s e n c e  o f  t h e  e u d e s m a n o l i d e  132 in  
C. s u b c o r d a t a  c o u l d  i n d i c a t e  a p o s s i b l e  c he m ica l  l i n k  t o  C. 
t r i c h o t o m a  (Scheme 1 3 - 2 ) .
C a l e a  d i v a r i c a t a , C.  l e p t o c e p h a l a , C. o l i v e r i i , and
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m e g a c e p h a l a  were  c h a r a c t e r i z e d  by t h e  p r e s e n c e  of  f u r a n o -  
h e l i a n a g o l i d e s  and b i o g e n e t i c a l l y  r e l a t e d  g e r m a c r a n o l i d e s ,  and t h e i r  
c h e m i s t r y  a g r e e s  w i t h  t h e  one d e s c r i b e d  b e f o r e  as t y p i c a l  f o r  t h e  
genus  C a l e a . Scheme 13-1  shows t h e  b i o g e n e t i c  pa thw ays  f o r  t h e  
f u r a n o h e l i a n g o l i d e s  and r e l a t e d  g e r m a c r a n o l i d e s . The c hem ica l  
r e l a t i o n s h i p  o f  t h i s  group o f  C a l e a  s p e c i e s  and C. j a m a i c e n s i s  seems 
t o  be t h r o u g h  t h e  h e l i a n g i n e  d e r i v a t i v e  35 ,  which i s  t h e  p o s s i b l e  
p r e c u r s o r  o f  t h e  h e l i a n g o l i d e  122 found  i n  t h e  t y p e  s p e c i e s  and o f  
t h e  f u r a n o h e l i a n g o l i d e s .
C a l e a  s e p t u p l i n e r v i a  which  c o n t a i n s  o n l y  e u d e s m a n o l i d e s ,  shows 
no d i r e c t  c h e m ic a l  r e l a t i o n s h i p  t o  C. j a m a i c e n s i s  o r  t o  any o f  t h e  
o t h e r  s p e c i e s  a n a l y s e d  i n  t h i s  s t u d y ,  bu t  t h e r e  e x i s t s  a c l o s e
pi
c h e m i c a l  s i m i l a r i t y  t o  C. s z y s z l o w i c z i i  f rom Peru which c o n t a i n s  
s i m i l a r  7 , 8 - l a c t o n i z e d  e u d e s m a n o l i d e s .
In c o n c l u s i o n  o f  t h e  b i o c h e m i c a l  s y s t e m a t i c  d i s c u s s i o n  o f  t h e  
C a l e a  s p e c i e s  i n v e s t i g a t e d  c h e m i c a l l y  i n  t h i s  w ork ,  i t  a p p e a r s  t h a t  
on t h e  b a s i s  o f  t h e  s e s q u i t e r p e n e  l a c t o n e s  i s o l a t e d  from t h e s e  t a x a ,  
t h a t  t h e r e  a r e  t h e  f o l l o w i n g  5 c h e m i c a l l y  r e l a t e d  g roups  of  s p e c i e s :
(1 )  C a l e a  j a m a i c e n s i s ,  C. s o l i d a g i n e a ,  C. b e r t e r i a n a , and C. 
p r u n i f o l i a ,  which c o n t a i n  g u a i a n o l i d e s  and t h e  h y d r o x y h e l i a n g i n e  
d e r i v a t i v e  122 ,  bu t  no e u d e s m a n o l i d e s  and f u r a n o h e l i a n g o l i d e s .
(2 )  C a l e a  d i v a r i c a t a ,  C.  l e p t o c e p h a l a , C. o l i v e r i i ,  and C. 
m e g a c e p h a l a  a t  t h e  o t h e r  e x t r e m e  t y p i c a l l y  c o n t a i n  
f u r a n o h e l i a n g o l i d e s  and r e l a t e d  g e r m a c r a n o l i d e s  bu t  no 
g u a i a n o l i d e s  and e u d e s m a n o l i d e s .
( 3 )  C a l e a  t r i c h o t o m a  c o n t a i n s  c h a r a c t e r i s t i c  g e r m a c r o l i d e s  and 
m a i n ly  e u d e s m a n o l i d e s  bu t  no g u a i a n o l i d e s .
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( 4 )  C a l e a  s u b c o r d a t a , which c o n t a i n s  b o t h ,  g u a i a n o l i d e s  and 
e u d e s m a n o l i d e s  bu t  no f u r a n o h e l i a n g o l i d e s  and  r e l a t e d  
g e r m a c r a n o l i d e s ,  t h e r e f o r e  o c c u p i e s  an i n t e r m e d i a t e  p o s i t i o n  
be tw een  C. j a m a i c e n s i s  and C. t r i c h o t o m a .
( 5 )  C a l e a  s e p t u p l i n e r v i a , p r o d u c e s  o n l y  7 , 8 - l a c t o n i z e d  
e u d e s m a n o l i d e s  and shows no d i r e c t  r e l a t i o n s h i p  w i t h  any o f  t h e  
s t u d i e d  s p e c i e s .
The e x t e n s i o n  o f  t h e  c he m ica l  r e s u l t s  o b t a i n e d  h e r e  i n t o  t h e  
t a x o n o m ic  r e l a t i o n s h i p s  t h a t  have  been d e s c r i b e d  f o r  s p e c i e s  i n  t h e  
genus  C a l e a ,  s u g g e s t s  a f f i n i t i e s  t h a t  a r e  d i f f e r e n t  f rom t h o s e  
p r o p o s e d  on t h e  b a s i s  o f  d i s t r i b u t i o n a l  and m o r p h o l o g i c a l  g r o u n d s .
F o r  e x a m p l e ,  a r e c e n t  s y s t e m a t i c  s t u d y ^  p l a c e d  C. j a m a i c e n c i s ,  C. 
t r i c h o t o m a  and C. b e r t e r i a n a  i n t o  a c l o s e l y  a l l i e d  group on t h e  b a s i s  
o f  h a b i t a t  and o v e r a l l  a p p e a r a n c e .  Our c hem ica l  r e s u l t s ,  h o w e ve r ,  
i n d i c a t e  t h a t  such  s i m i l a r i t y  e x i s t s  o n l y  be tw een  C. j a m a i c e n s i s  and 
C. b e r t e r i a n a , w h i l e  C. t r i c h o t o m a  b e a r s  l i t t l e  c h e m ica l  r e s e m b l a n c e  
w i t h  t h e  o t h e r  two s p e c i e s .
S i m i l a r l y ,  on t h e  b a s i s  of  m o r p h o l o g i c a l  g r o u n d s ,  C. p r u n i f o l i a  
was s u g g e s t e d  t o  be c l o s e l y  a l l i e d  t o  C. u r t i c i f o l i a  and C. t e r n i -  
f o l i a ^ . Chemica l  a n a l y s i s  o f  C. p r u n i f o l i a  a f f o r d e d  g u a i a n o l i d e s  and 
t h e  h e l i a n g i n e  d e r i v a t i v e  122 as  t h e  main s e s q u i t e r p e n e  l a c t o n e s ,  
w h e r e a s  C. u r t i c i f o l i a ^ * ^ * ^  and C. t e r n i f o ^ i a ^ ,:^ , ^ , ^̂*• c o n t a i n  
f u r a n o h e l i a n g o l i d e s  and t h e  r e l a t e d  g e r m a c r a n o l i d e s  as  t h e  t y p i c a l  
c o m p o n e n t s .  I t  i s  o b v i o u s  from t h e  c he m ica l  d a t a ,  t h a t  C. p r u n i f o l i a  
i s  no t  so  c l o s e l y  r e l a t e d  t o  C. u r t i c i f o l i a  and C. t e r n i f o l i a .
T r a d i t i o n a l l y ,  C. p r u n i f o l i a  ha s  been c o n s i d e r e d  t o  be a Sou th
Am erican  s p e c i e s  which  e x t e n d s  i n t o  Panama, w h e re as  C. p i t t i e r i  was 
t h o u g h t  t o  o c c u r  i n  C o s t a  Rica  and w e s t e r n  Panama. Compari son  o f  t h e  
t y p e  v o u c h e r s  o f  bo th  s p e c i e s  i n d i c a t e d  t h a t  t h e y  do no t  d i f f e r  
s i g n i f i c a n t l y ,  and t h e r e f o r e  C. p i t t i e r i  was c o n s i d e r e d  a synonomy 
o f  C. p ru n i  f o l i a  which  has  p r e c e d e n c e .  Chemica l  a n a l y s i s  o f  t h r e e  
p o p u l a t i o n s  o f  C. p r u n i f o l i a  f rom  V e n e z u e l a ,  Panama and C o s t a  R i c a ,  
showed t h a t  t h e  t a x a  from V e ne z ue la  and Panama were c h e m i c a l l y  
i d e n t i c a l ,  no t  o n ly  i n  t h e i r  c o n t e n t  o f  s e s q u i t e r p e n e  l a c t o n e s ,  bu t  
a l s o  i n  t h e  chromenes  found  i n  bo th  s p e c i e s .  On t h e  o t h e r  h a n d ,  C. 
p r u n i f o l i a  f rom C o s t a  R ic a  ( s y n .  C. p i t t i e r i ) , was c h a r a c t e r i z e d  by 
t h e  p r e s e n c e  o f  b e n z o f u r a n s  as  i t s  main c o m p o n e n t s ,  and t e l e k i n  
(91 )  was t h e  o n l y  l a c t o n e  i s o l a t e d  and in  a v e ry  sm a l l  am oun t .  The 
p r e s e n c e  o f  b e n z o f u r a n s  and  t e l e k i n  i n  t h e  spec im en  f rom C o s t a  R ica  
s u g g e s t e d  t h a t  t h i s  s p e c i e s  i s  no t  c l o s e l y  r e l a t e d  t o  t h e  t a x a  from 
V e n e z u e la  and Panama, bu t  r a t h e r  t o  C. b e r t e r i a n a  which  was t h e  o n l y  
o t h e r  C a l e a  s p e c i e s  c o n t a i n i n g  b e n z o f u r a n s .  M oreove r ,  t h e  
g e r m a c r a n o l i d e  126 a p p e a r s  t o  be l i n k e d  t o  t e l e k i n  t h r o u g h  a common 
b i o g e n e t i c  p r e c u r s o r  (Scheme 1 3 - 5 ) .  I t  has  t o  be n o t e d  t h a t  C. 
s e p t u p l i n e r v i a  a l s o  a f f o r d e d  t e l e k i n  and a r e l a t e d  l a c t o n e  as  i t s  
o n l y  s e s q u i t e r p e n e  l a c t o n e s ,  b u t  b e n z o f u r a n s  were  no t  d e t e c t e d .
C a l e a  m e g a c e p h a l a  f rom  Mexico was f i r s t  p l a c e d  i n t o  C a l e a  
s u b g e n u s  L e o n t o p h t a l m u m ^  bu t  l a t e r  was removed from C a le a  on t h e  
b a s i s  o f  e c o l o g i c a l  and m o r p h o l o g i c a l  a rg u m e n ts  and p l a c e d  i n t o  t h e  
m o n o ty p i c  genus  T o n a l a n t h u s . * ^  Chemica l  a n a l y s i s  o f  t h i s  s p e c i e s  
y i e l d e d  a h e l i a n g i n e  d e r i v a t i v e  and a t e r n i f o l i n  d e r i v a t i v e ,  
s e s q u i t e r p e n e  l a c t o n e s  t h a t  have  been c o n s i d e r e d  t y p i c a l  f o r  t h e  
genus  C a l e a .  These  f i n d i n g s ,  t h e r e f o r e ,  s u p p o r t  t h e  n o t i o n  t h a t  t h i s
s p e c i e s  s h o u l d  r em ain  i n  t h e  genus  C a l e a  w i t h  a p o s s i b l y  c l o s e  
a f f i n i t y  t o  t h e  C. t e r n i f o l i a  g r o u p .
A l th o u g h  a l a r g e r  number o f  p o p u l a t i o n s  need t o  be c h e m i c a l l y  
i n v e s t i g a t e d  b e f o r e  more d e f i n i t i v e  c o n c l u s i o n s  may be drawn,  i t  i s  
e v i d e n t  f rom t h e  p r e s e n t  s t u d y  t h a t  t h e  s e s q u i t e r p e n e  l a c t o n e  
p a t t e r n s  can a i d  i n  t h e  i d e n t i f i c a t i o n  and p l a c e m e n t  o f  a s p e c i e s ,  
and can be v e ry  u s e f u l  i n  s u p p l e m e n t i n g  e c o l o g i c a l  and m o r p h o l o g ic a l  
c h a r a c t e r i z a t i o n s  o f  members o f  t h e  genus C a le a  i n  f i n d i n g  t h e i r  
t a x o n o m ic  a f f i n i t i e s .  As shown in  t h e  above  d i s c u s s i o n ,  t h e  
s e c o n d a r y  m e t a b o l i t e s  c h e m i s t r y  can a l s o  be a ve ry  v a l u a b l e  t o o l  t o  
c l a s s i f y  s p e c i e s  t h a t  a r e  m o r p h o l o g i c a l l y  s i m i l a r  and can t h u s  
p r o v i d e  b a s i c  knowledge  r e l a t e d  t o  t a x o n o m ic  p l a c e m e n t s  and 
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Scheme 13 -2 .  B io g e n e t i c  r e l a t i o n s h i p s  o f  Calea eudesmanol ides .
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Scheme 13-4 .  B io g e n e t i c  r e l a t i o n s h i p s  o f  C. b er ter ia n a  and C.














Scheme 13 -5 .  B io g e n e t i c  r e l a t i o n s h i p s  o f  Calea g u a i a n o l i d e s .
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